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PREFACE. 


The  field  work  within  the  areas  covered  by  the  Olinton, 
Galhoan,  Lexington,  Kiehmond  and  Hantsville  sheets  was 
done  prinoipally  in  1890  and  1891.  That  on  the  Lexington 
area  was  began  in  the  early  part  of  1890  and  the  topographic 
work  was  famished  in  July.  The  notes  were  platted  and  the 
map  drawn  the  following  winter.  The  drawing  was  sabse- 
qaently  lost  and  another  one  made  in  the  winter  of  1892-93. 
Before  the  second  drawing  was  made  the  field  work  was  re- 
vised, this  being  done  in  December  1892.  The  work  was 
done,  excepting  the  revision,  by  Olack  and  the  writer,  the  re- 
vision being  done  by  the  latter. 

The  field  work  for  the  topography  of  the  Hantsville  qaad- 
rangle  was  began  by  Gordon  in  Jane  1890.  As  soon  as  the 
work  on  the  Lexington  sheet  was  finished  he  was  joined  by 
the  writer  by  whom  the  work  was  completed  in  October. 
Gordon  worked  continaoasly  ap  to  the  end  of  Aagast  when 
he  was  called  home.  He  is  responsible  for  that  part  of  the 
sheet  lying  east  of  the  meridian  of  Hantsville  and  between 
the  lattltades  of  Hantsvile  and  the  Elliott  shaft  as  well  as  for 
most  of  the  township  lying  immediately  northwest  of  the  former 
place. 

Work  on  the  topography  of  the  Richmond  area  was  com- 
menced in  1890  by  a  party  in  charge  of  the  writer  with  Mr.  M. 
0.  Shelton  as  topographic  aid  and  T.  B.  Marbat  as  camp  as- 
sistant and  rodman.  The  work  was  finished  in  Jane  and  the 
party  was  transferred  to  Randolph  ooanty  where  work  was  be- 
gan on  the  Bevier  sheet.  This  was  completed  in  Aagast  and 
the  party  was  transferred  to  Henry  coanty  where  work  was 
began  on  the  Olinton  sheet  September  1.  When  the  Olinton 
area  wad  aboat  half  covered  T.  B.  Marbat  was  made  topographic 
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aid  and  with  this  iacreased  force  the  area  was  covered  by  the 
middle  of  October.  Work  was  immediately  began  on  the 
Oalhoan  sheet  and  was  completed  December  10,  when  the 
party  left  the  field  for  the  winter.  The  platting  of  notes  and 
the  drawing  of  the  maps  was  vigoroasly  prosecuted  throaghont 
the  winter  of  1892-93  and  the  topographic  maps  were  ready 
for  the  engraver  by  the  first  of  May,  1893.  This  work  was 
ontlined  by  Winslow,  the  field  work  was  done  under  his  direc- 
tion and  the  topographic  sheets  were  prepared  for  the  en- 
graver while  he  was  State  Geologist. 

The  data  from  which  the  reports  on  these  areas  have  been 
written  accumalated,  the  greater  part  of  it  at  least,  daring  the 
progress  of  the  topographic  survey.  Part  of  this  material  was 
put  in  order  and  a  preliminary  draft  of  the  reports  on  the 
Huntsville,  Richmond  and  Olinton  quadrangles  was  made  in 
the  winter  of  1892-93  but  it  was  shown  to  be  necessary  that  a 
little  more  field  work  be  done  in  order  to  clear  up  a  few  doubtful 
points.  From  the  time  the  party  took  the  field  in  the  spring 
of  1893  until  June,  1894,  nothing  further  was  done  with  these 
reports  and  this  was  the  condition  they  were  in  when  Dr. 
Keyes  was  elected  State  Geologist  in  May,  1894.  At  the  time 
Eeyes  was  elected  to  that  position,  the  Board  of  Managers 
entered  into  a  contract  with  the  writer  to  complete  the  field 
work  on  these  areas  and  prepare  the  reports.  The  field  work 
was  done  in  the  summer  of  1894  and  the  reports  were  written 
during  the  latter  part  of  that  year. 

At  various  times  during  1895  these  manuscripts  were 
revised  and  slight  changes  made  in  the  order  of  treatment  at 
the  suggestion  of  the  State  Geologist.  In  the  latter  part  of 
1896  the  report  on  the  Oalhoun  sheet  was  printed  and  that  on 
the  Olinton  sheet,  in  the  early  part  of  1897.  In  May,  1897,  the 
maps  were  sent  to  the  engraver  but  before  the  work  had  pro- 
gressed very  far  Mr.  John  A.  Gallaher  became  State  Geologist. 
Immediately  afterward  the  editing  of  the  report  was  placed  in 
the  hands  of  the  writer. 

The  drawings  for  the  page  cuts  were  made  chiefly  by  the 
late  Mr.  E.  H.  Lonsdale  and  those  for  the  plates  of  cross  sec- 
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tioDS  by  Mr.  T.  B.  Marbat.  The  original  drawings  of  the  topo- 
graphic maps  were  made  by  M.  0.  Shelton,  T.  B.  Marbnt  and 
the  writer. 

Like  the  previously  issaed  nnmbers  of  this  series  of  areal 
reports  the  attempt  is  made  to  inolade  nearly  all  the  geological 
details  that  were  recorded  in  the  field.  The  first  few  pages 
of  each  report  is  given  ap  to  general  considerations  in  which 
the  topography  and  geology  of  the  region  is  sketched  on 
broad  lines,  and  this  is  followed  by  a  disonssion  of  the 
general  features  of  the  particular  area  under  considra- 
tion  in  sufficient  detail  for  the  general  reader.  After  that 
the  outcrops  are  described  in  detail,  and  the  individual  beds 
are  correlated  for  the  whole  area.  This  part  of  the  report  is 
intended  for  the  prospector  or  prospective  investor,  and  the 
attempt  is  made  to  give  the  details  so  full  that  none  need  hesi- 
tate, with  the  report  and  map  in  hand,  about  the  evidence  for 
coal  beds  at  any  given  place  and  the  conditions  under  which 
they  may  be  found. 

The  latitude  and  longitude  of  each  sheet  is  that  of  the 
corresponding  sheet  of  the  United  States  Geological  Sur- 
vey. The  positions  of  the  township  lines  were  obtained  from 
the  same  source.  The  section  lines  were  placed  in  the 
townships  from  the  original  plats  and  notes  of  the  Land 
Office  survey.  The  details  of  the  maps  are  referred  exclu- 
sively to  the  section  lines  and  their  subdivisions.  Almost 
every  section  corner  within  the  areas  of  these  sheets  was 
located,  and  by  far  the  greater  number  of  the  subdivision  cor- 
ners. Accurate  trigonometrical  surveys  will  not,  therefore, 
make  the  topography  inaccurate.  The  land  corners  may  be 
shifted,  but  since  the  details  of  the  maps  are  referred  to  these 
corners  their  relations  remain  the  same,  whatever  may  be  the 
positions  of  the  latter. 

The  vertical  control  is  based  on  spirit  levels,  which  were 
run  over  most  of  the  wagon  roads,  and  on  barometric  data  for 
intermediate  positions.  In  the  Lexington  and  Richmond  maps 
the  levels  started  from   Missouri  Biver  Oommission  bench 
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&ark8.    Iq  the  other  sheets   we  depeoded  apon  the  railroad 
levels. 

The  report  on  Oreene  coanty  is  the  prodnot  of  many 
years  of  observation  by  Prof.  Shepard.  The  beginning  of  the 
work  in  the  region  extends  back  to  the  time  when  he  became 
professor  in  Drary  College,  nearly  twenty  years  ago.  Up  to  1890 
the  work  was  done  at  his  own  expense  dnring  the  sammer 
vacations  and  while  condaccing  class  excursions  daring  the 
school  year.  When  the  Geological  Sarvey  was  reorganized  in 
1889  Prof.  Shepard  became  a  volanteer  assistant  and  was  as- 
signed to  the  work  in  Oreene  coanty.  With  the  exception  of 
a  small  amonnt  of  work  done  by  Robertson  in  1890  the  field 
work  for  the  whole  report  was  done  by  Prof.  Shepard  'without 
assistance.  The  first  draft  of  the  report  was  written  as  early 
as  1893,  but  on  accoant  of  lack  of  funds  it  could  not  be  pub- 
lished  when  first  prepared.  Between  1894  and  1896  additional 
work  was  done  and  the  report  entirely  re-written.  The  print- 
ing of  the  report  was  finally  begun  in  the  early  part  of  1897 
and  the  first  60  pages  were  printed  and  the  proof  read  by 
Dr.  Keyes  while  he  was  State  Geologist.  Printing  was  stopped 
when  the  chaoge  in  the  administration  of  the  Survey  took 
place  and  was  not  resumed  until  a  few  months  ago.  The  draw- 
ings for  the  base  of  the  Geological  map  were  made  by  Mr.  T. 
B.  Marbut  and  those  for  the  plate  of  cross  and  columnar  sec- 
tions were  made  by  the  writer. 

Many  things  in  this  report  show  the  lack  of  a  comprehen- 
sive view  of  the  many  parts  during  its  preparation  and  publi- 
cation. The  printing  was  commenced  two  years  ago  and  the 
Olinton  and  Oalhoun  sheets  were  printed  and  the  proof  read 
by  Dr.  Keyes.  The  printing  of  the  report  on  Greene  county 
was  commenced  soon  after  that,  and  the  first  sixty  pages  had 
been  set  up  and  corrected  before  the  retirement  of  Dr.  Keyes 
from  the  survey.  The  printing  of  this  report  was  commenced 
before  any  of  the  drawings  had  been  prepared,  and  when  the 
matter  was  turned  over  to  the  writer  it  had  to  be  stopped 
until  the  drawings  were  prepared  and  the  engraving  done. 
This  was  ready  about  June  1  last,  but  the  printing  was  not  re- 
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samed  autil  in  September.  On  aoooant  of  the  faot  that  the 
editor  was  in  one  place  and  ooenpied  with  other  duties  and  the 
printing  was  done  in  another,  a  perfeot  correlation  of  parts 
has  not  been  effected.  This  has  been  aggravated  by  the  inter- 
mittent way  in  which  the  printing  has  been  done.  The  num- 
bering  of  the  plates  and  cuts  is  not  wholly  consecutive.  The 
use  of  terms  is  not  the  same  throaghont  the  report.  For  ex- 
ample, in  the  Olinton  and  Oalhonn  reports  the  word  vein  is 
used  repeatedly  for  bed  when  discnssing  the  coal  deposits. 
In  the  titles  of  the  Olinton  and  Oalhonn  reports,  the  word 
sheet  has  been  used  while  the  word  quadrangle  has  been  used 
in  those  of  the  other  reports.  This  term  has  been  in  use  by 
the  United  States  Geological  Survey  for  the  last  year  and  it 
suits  the  case  so  well  that  it  has  been  adopted  for  the  reports 
of  this  volume,  whose  printing  was  commenced  since  the  term 
was  proposed.  0.  F.  Mabbut. 

Oolumbia,  Mo.,  December  23,  1898. 
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INTRODUCTION. 
LOOATION  AND  ABBA. 

Greene  coanty  is  in  the  sonthwestern  part  of  Missonri, 
aboat  60  miles  from  the  western  boundary  of  the  state  and 
abont  40  from  the  aoathern.  It  is  bounded  on  the  north  by 
Polk  and  Dallas  counties,  on  the  east  by  Webster,  on  the  south 
by  Ohristian,  and  on  the  west  by  Lawrence  and  Dade.  In  out* 
line  it  is  nearly  square. 
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PBBVIOUS  WORK. 

Until  reoently  little  {geological  work  had  been  carried  on 
in  Oreene  county.  The  earliest  search  for  mineral  wealth  in 
the  region  was  in  connection  with  the  expedition  of  De  Soto ; 
and  it  is  believed  that  this  explorer  spent  some  time  daring 
the  winter  of  1541-2  within  the  present  limits  of  Oreene  county. 
Little  is  known  of  later  Spanish  or  of  the  French  travels  in 
this  region.  No  observations  of  importance,  concerning  the 
mineral  resources  were  made  until  1819,  when  Schoolcraft  *  visi- 
ted this  part  of  the  state.  He  reached  a  point  on  the  James 
river  about  twenty  miles  above  the  mouth  of  the  Finley. 
Here  he  erected  a  cabin  at  the  place  now  known  as  the  Phelps 
mines,  and  spent  the  month  of  January.  His  descriptions  are 
very  accurate  and  extremely  interesting,  although  there  is  little 
geological  detail  included. 

Featherstonhaugh,  according  to  his  ''  Geological  Beport 
on  the  Elevated  Country  between  the  Missouri  and  Bed  Blvers,'^ 
evidently  did  not  traverse  this  part  of  the  state.  King  *  very 
accurately  describes  the  formations  in  the  territory  adjacent 
to  the  area  under  consideration,  but  did  not  go  far  enough 
south  to  enter  it.  Swallow  *  gives  a  cross-section  from  Neosho 
to  Springfield ;  and  also  describes  a  section  obtained  east  of 
Gresham  (Tp.  31  N.,  B.  XXII  W.,  Bee.  16 ).    In  his  "  Geologi- 

• 

cal  Beport  of  the  Country  along  the  line  of  the  Southwestern 
Branch  of  the  Pacific  Bailroad,"  published  in  1859,  he  also 
considers  briefly  different  counties  and  the  account  is  accom- 
panied by  a  small  general  geological  map  of  the  areas  contig- 
uous to  the  railroad. 

From  time  to  time  references  and  short  accounts  of  the 
resources  of  the  county  have  appeared  in  the  various  atlases 
and  histories  of  the  state  and  county,  but  for  the  most  part 
these  are  unimportant  geologically. 

*  Scenes  and  Adventures  la  Semi- Alpine  RoKlon  of  Ozark  Mountains  of  Mil- 
soarl  and  Arkansas,  p.  il,  1853. 

*  Geological  Beconnolssance  In  Country  adjacent  to  Osage  River;  Missouri 
Eleventh  Gen.  Asiem.,  1st.  Sess..  Sen.  Jour.,  pp.  45N-525,  1H40. 

*Geol.  Sur.  Missouri ,  1st  and  2nd  Ann.  Reps. ,  p.  204,  1955. 
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PHYSIOGRAPHY. 

TOPOGRAPHY. 

This  area  lies  apou  the  central  portion  of  the  crest  and 
flanks  of  the  Ozark  *  uplift.  The  present  surface  featares  of 
Greene  county  are  due  almost  entirely  to  the  erosion  of  streams, 
modified,  to  some  extent,  by  flexures.  The  rocks  are  mainly 
limestones,  with  intercalated  beds  of  chert,  and  some  sand- 
stones and  shales.  They  vary  greatly  in  hardness,  crystalline 
structure,  texture  and  chemical  composition,  and  are  variously 
acted  upon  by  physical  agencies — such  as  flexures,  which  pro- 
duce shattering,  and  thus  render  the  breaking  down  of  the 
formations  more  easy ;  frost,  which  still  further  facilitates  this 
breaking  down;  the  chemical  action  of  percolating  waters; 
and  the  weathering  out  of  soft  layers  and  the  undermining  of 
beds  above.  All  of  these  conditions  help  to  modify  the  topo- 
graphical features  of  the  country,  and  each  formation,  accord- 
ing to  its  peculiar  structure,  exhibits  special  characteristics 
due  to  the  action  of  one  or  more  of  these  agencies,  as  will  be 
seen  in  the  particular  description  of  each  horizon. 

The  great  watershed  of  the  Ozark  uplift  which  is,  in 
general,  followed  by  the  St.  Louis  and  San  Francisco  railroad, 
divides  the  district  into  two  slopes.  The  waters  on  the  north 
flow  into  the  Missouri;  those  on  the  south  into  the  White 
river.  The  main  divide  is  rather  narrow  in  the  eastern  end  of 
the  area,  the  country  falling  away  rapidly  on  both  sides,  form- 
ing the  rough  broken  area  around  the  headwaters  of  the  Pomme 
de  Terre  and  James  rivers.  To  the  west  it  rapidly  broadens, 
forming  a  wide,  roiling  plateau. 

The  two  slopes  present  distinct  topographical  features; 
and  each  exhibits  minor  subdivisions.    The  one  to   the  south 


*  The  origin  of  the  name  **Ozark"  Is  given  by  Mr.  Featherstonhaugh  In  his 
book  entitled  "Bxcurslons  through  the  Slave  States,"  In  1884-86,  p.  63.  He  says,  "It 
was  the  custom  of  the  French  Canadians  to  abbreviate  all  their  names.  If  they 
were  going  to  the  Arkansas  mountains  they  would  say  that  they  were  going 
'Aux  Arcs.'  '*  and  thus  these  these  highlands  have  obtained  the  name  of  Ozarks, 
from  the  American  travelers. 

G—2 
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IS  divided  by  the  James  river,  and  still  farther  to  the  south- 
east by  the  Fiuley,  the  two  valleys  being  separated  by  a  well- 
marked  divide.  South  of  the  last  mentioned  stream  is  a  cherty 
ridge  district,  bounded  far  to  the  south  by  the  White  river. 
The  northern  slope  comprises  four  well-marked  districts:  (1) 
The  post-oak  flats,  or  central  plateau,  along  the  crest  of  the 
Graydon-Northview  monocline,  (2)  the  JViorrisville-Brightoo 
divide,  (3)  the  Pleasant  Hope-Sand  Spring  district,  and  (4)  the 
Elkland  plateau,  in  the  northeast. 

TYPES  OF  8URFA0B  BBLIBF. 

Central  Plateau.  The  narrow  eastern  portion  of  this  plat- 
eau, between  Strafford  and  Northview,  is  rough  and  ragged. 
It  reaches  an  altitude  of  over  1500  feet  above  the  sea  level, 
fdkUing  off  abruptly  to  the  headwaters  of  Pomme  de  Terre  and 
Sac  rivers  on  the  north,  and  the  tributaries  of  the  James  on 
the  sonth.  The  general  southwesterly  dip  of  the  strata,  modi- 
fied locally  by  slight  flexures,  brings  the  lower  Burlington  to 
the  surface.  Where  the  streams  have  cut  vigorously,  narrow 
gorges  are  formed  with  barren  cherty  slopes,  which  are  gener- 
ally covered  with  stanted  timber.  To  the  west  of  Strafford, 
and  toward  Springfield  is  a  beaatiful,  rich  farming  country 
which  rapidly  merges  again  into  cherty  lands  both  to  the  north- 
and  sonth,  where  Sonth  Dry  Sac  and  Pierson  creeks  cut  through 
into  the  lower  beds.  The  Kickapoo  prairie  stretches  out  south- 
westerly from  Lyman,  and  forms  a  broad  plain  between  TVilson 
creek  and  the  James.  This,  with  Grand  prairie  to  the  west, 
forms  the  finest  farming  land  in  the  county,  and  one  of  the 
most  fertile  areas  in  the  Southwest.  The  National  boulevard 
and  cemetary  near  Springfield  lie  in  aboat  the  middle  of  this 
beautiful  region. 

Toward  the  trenches  cut  by  the  streams  the  country  be- 
comes rugged  and  cherty,  the  lower  Garboniferoas  limestones, 
which  once  covered  this  part  of  the  area,  having  been  carried 
away  by  erosion.  Surrounding  and  penetrating  this  district 
on  all  sides  from  the  Sac  and  James  are  small  streams  and 
branches,  usually  heading  in    springs  or  swampy  uplands. 
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When  a  low  enough  level  is  reached  to  allow  of  the  esoape  of 
the  fiabterranean  waters,  si^rings  of  varioas  sizes  abound, 
always  increasing  in  volame  in  approaching  the  lower  beds  of 
the  upper  Barlington  formation.  The  marvelous  system  of 
underground  drainage  in  this  cavernous  limestone,  and  its  strik- 
ing effects  upon  the  topography,  is  still  further  indicated  by 
the  numerous  sinks  which  are  usually  associated  in  groups 
having  the  same  general  trend,  and  generally  marking  the 
course  of  subterranean  streams.  The  sinks  occasionally  have 
email  streams  appearing  at  one  end,  flowing  through  the  cen- 
ter and  disappearing  at  the  other  end,  as  is  seen  in  one  on  the 
McDaniel  farm,  south  of  Springfield  (Tp.  28  N.,  B.  XXII  W., 
Sec.  12,  Sw.  qr);  also  in  the  city  of  Springfield,  at  the  south- 
west corner  of  Oherry  and  Dollison  streets.  The  last  men- 
tioned sink  is  used  by  the  city  for  the  conveyance  of  the  sew- 
age of  the  neighborhood.  In  Tp.  29  N.,  B.  XXII  W.,  Sec.  32, 
N.  i,  is  a  large  sink  containing  a  cave  opening,  in  the  bottom 
of  which  a  considerable  stream  of  water  flows  and  disappears 
in  a  cave  at  the  other  end  of  the  sink.  East  of  Bepnblic,  on 
the  Noe  place  (Tp.  28  N.,  B.  XXIII  W.,  Sec.  28,  Se.  i  of  Sw. 
qr.,)  a  well  was  sunk  and  opened  into  a  cave,  through  which  a 
stream  of  water  flows  at  a  depth  of  about  20  feet.  In  this  the 
owner  has  placed  a  ram  which  pumps  water  for  his  house  and 
farm  purposes.  Numerous  other  caves  might  be  mentioned, 
especially  in  the  city  of  Springfield,  where  underground  cur- 
rents have  been  struck  by  drill-wells.  This  system  of  under- 
ground drainage  is  further  illustrated  by  the  great  streams  that 
flow  from  small  caves  in  the  upper  Burlington  formation 
around  the  limits  of  this  district.  The  large  and  remarkable 
caves  of  this  region  are  almost  wholly  confined  to  the  lower 
beds  of  the  upper  Burlington  limestone.  The  great  agent,  then, 
in  developing  the  topographical  characters  of  this  district  has 
been  the  remarkable  system  of  underground  watercourses, 
which  has  formed  the  sinks  so  characteristic  of  the  central 
plateau,  as  well  as  of  the  narrow  gorges  and  ravines  penetrat- 
ing deeply  on  all  the  borders  of  the  district.  By  the  study  of 
the  sinks  the  inevitable  conclusion  is  reached  that  they  are  the 
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beginnings  of  the  deep  and  narrow  gorges  which  are  so  abund- 
ant. 

To  the  west  of  the  Kickapoo  prairie  is  the  narrow  valley 
of  Wilson  creek  which  has  cat  deeply  into  the  central  district, 
and  which  separates  this  from  the  Grand  prairie,  the  latter 
spreading  ont  as  a  great  V-shaped  belt  from  Springfield.  One 
arm  has  a  northwesterly  trend,  forming  an  npland  divide  be- 
tween Sac  and  Olear  creeks,  and  extends*  with  a  width  of  from 
two  to  four  miles,  to  Oave  Spring,  where  it  is  again  divided 
by  Asher  creek.  The  broader  southwesterly  fork  reaches  to  a 
point  a  little  beyond  Bepnblic,  and  varies  in  width  from  two 
to  five  miles.  Dae  west  of  Springfield,  in  the  region  aroand 
Nichols  Junction,  and  north  of  Republic,  is  found  some  of  the 
choicest  rolling  prairie  land  in  the  district.  The  fine,  sub- 
stantial farm  houses,  thrifty  orchards  and  well-tilled  fields,  ex- 
tending as  far  as  the  eye  can  reach,  are  the  most  convincing 
proofs  of  the  fertility  of  the  soil. 

James  Finley  Divide.  Somewhat  similar  characters  as  those 
already  described  in  the  Oreat  Divide  are  found  here.  In  the 
east  is  a  belt  narrowed  by  Panther  creek  and  Sayer  branch  on 
the  north,  and  the  Petelo  on  the  south.  It  is  underlain,  mainly, 
by  the  lower  Burlington  limestone.  In  the  vicinity  of  Bogers- 
ville,  and  especially  to  the  east  and  southeast,  is  a  broad  roll- 
ing prairie,  containing,  near  the  crest  of  the  divide,  excellent 
arable  land,  but  becoming  more  cherty  and  wooded  on  the 
slopes.  East  of  the  station,  the  Kansas  Oity,  Ft.  Scott  and 
Memphis  railroad  follows  the  crest  of  this  watershed  for  a 
number  of  miles  outside  of  the  area,  reaching  an  altitude  of 
1530  feet  before  leaving  the  district. 

In  Washington  township,  to  the  west  of  Bogersville,  the 
plateau  rapidly  merges  into  another  which  presents  somewhat 
different  aspects.  The  drainage  is  poor  and  the  surface  of  the 
country  over  the  greater  part  is  an  elevated  plain,  having  a 
slightly  rolling  surface,  covered  by  post-oak  flats,  except  in 
two  small  areas  which  are  occupied  by  prairies.  The  high- 
est point  in  this  township  is  three-quarters  of  a  mile  south  of 
Harmony  church,  where  the  altitude  reaches  about  1540  feet. 
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This  divide  narrows  westward,  forming  abrapt  slopes  and 
blaffs  toward  the  Finley  on  the  Boath«  where  the  lower  Bar- 
lington  prevails  and  the  charaoteristic  shaly  limestone  and 
chert  slopes  of  the  lower  beds  of  the  npper  Barlington  are  ex- 
posed. The  James  river  to  the  north  of  the  central  portion  of 
this  district  does  not  cat  throngh  these  strata. 

Along  the  Finley,  the  maral  blaffs  of  Barlington  lime- 
stone break  the  monotony  of  the  cherty  slopes.  The  very  de- 
cided dip  of  the  rooks  to  the  southwest  favors  sabterranean 
drainage  and  results  in  nameroas  caverns.  The  caves  are 
more  frequent  near  the  base  of  the  upper  Burlington  limestone, 
where  the  underground  drainage  is  strong  and  due  to  the  dip 
of  the  rocks.  Thus  numerous  caverns  are  found  on  the  south 
slope  of  the  James-Finley  divide  and  not  on  the  north  slope ; 
also  near  the  foot  of  the  same  limestone  formation  on  both 
sides  of  the  central  plateau.  A  noticeable  increase  of  the 
chert  towards  the  south  leaves  its  impression  on  the  rugged 
flint  hills  on  the  south  side  of  this  divide.  The  soil  is  residual 
and  completly  hides  the  rocks  underneath.  It  seems  to  be  an 
area  in  which  surface  or  subterranean  drainage  is  lacking,  and 
in  which  has  been  formed  a  clayey,  impervious  covering  to 
the  indurated  beds. 

Chert-Ridge  DietricL  A  small  portion  of  this  remarkable 
district  is  contained  within  the  area  covered  by  this  report, 
and  it  comprises  the  southern  part  of  township  27  north, 
ranges  XIX,  XX,  and  XXI  west,  south  of  the  Finley.  Far 
enough  away  from  the  breaks  of  the  stream,  the  upland 
district,  particularly  around  the  town  of  Sparta,  is  a  fine  farm- 
ing country.  To  the  south,  however,  there  is  a  series  of  long, 
deep  and  narrow  gorges  alternating  with  narrow,  usually 
heavily- wooded  cherty  ridges  that  stretch  down  toward  Swan 
creek.  Erosion  has  cut  deep,  and  the  nigh,  narrow  ridges 
and  deep  canyons  characterize  the  area  far  to  the  soath.  In  the 
gorges  are  located  many  small  mining  camps,  some  of  which 
have  been  quite  productive  in  the  past,  and  many  of  which  have 
good  promise  for  the  future.    The  scenery  from  these  ridges 
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is  very  fine,  and  beaatifal  vistas  of  wooded  hill  and  valley 
freqaently  greet  the  explorer. 

The  slope  to  the  north  toward  the  Finley  is  marked  by 
the  asnal  characteristics  of  cherty  ridges  alternatiDg  with  the 
deep  gorges  and  ravines.  The  blaffs  are  largely  on  the  north 
side  of  the  stream. 

Post'OaJc  Flat  DistrioL  This  is  a  somewhat  arbitrary 
division,  lying  on  and  to  the  soath  of  the  crest  of  the  Oraydon- 
Northview  monocline,  with  a  prolongation,  including  Bobberson 
prairie,  lying  west,  southwest  and  east  of  the  town  of  Ebenezer. 
It  is,  perhaps,  the  most  difficult  area  to  describe  and  map, 
owing  to  the  faulting  and  tilting  of  the  strata,  which  constantly 
brings  different  formations  to  the  surface,  and  out  of  their 
proper  position  along  the  course  of  this  monocline. 

The  above  name  has  been  given  to  this  district  because  of 
the  presence  of  a  narrow  belt  of  country  south  of  the  crest  of 
the  monocline,  which  is  largely  made  up  of  long,  narrow 
patches  of  level,  unproductive  land,  covered  with  the  post-oak. 
Except  in  the  driest  season,  when  it  has  an  ash-colored,  pow- 
dery soil,  it  is  a  damp,  clayey,  frequently  cherty,  upland.  The 
soil  is  residual,  and  completely  hides  the  rocks  underneath. 
It  seems  to  be  an  area  in  which  surface  or  subterranean  drain- 
age is  lacking,  and  in  which  has  been  formed  a  clayey,  imper- 
vious subsoil,  covering,  at  various  points,  First  Magnesian, 
Hannibal  and  Burlington  beds. 

Northeast  ftom  Strafford,  on  the  Marshfleld  road,  a  nar- 
row ridge  of  sandstone,  capped  by  river  conglomerate,  is  found. 
This  peculiar  bluff  rises  to  a  height  of  110  feet  above  the 
stream.  From  this  bluff,  a  ridge  of  post*oak  flat  country 
stretches  out  on  each  side  of  the  road.  Westward,  it  runs 
down  quite  abruptly,  both  to  the  north  and  south,  the  view  on 
the  north  side  overlooking  fine  stretches  of  farming  land 
known  as  Locust  prairie,  and  parts  of  the  Pomme  de  Terre 
valley  beyond.  Still  further  west,  toward  Kbene/.er,  the  bar- 
ren belt  is  narrowed  and  broken  by  the  beautiful  farming  lands 
of  Bobberson  prairie,  south  of  the  Ebenezer-Marabfleld  road. 
This  prairie  spreads  out  to  the  southwest  and  west  of  Kbenexer, 
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and  inclades  the  uplands  bounded  by  the  great  carve  of  the 
Sao  river  to  the  south. 

North  of  Hickory  barrens,  on  the  Springfield-Bnffalo  road, 
the  barren  country  forms  the  crest  of  the  monocline.  This 
crest  frequently  breaks  very  abruptly  from  a  flat,  level  area  on 
the  south,  by  a  precipitous  or  abrupt  slope,  to  the  plain  of  the 
valley  below. 

At  the  union  of  King  branch  with  dry  Sac,  the  bluff  scen- 
ery is  remarkable.  The  ridge,  or  '^  back-bone,"  rising  from  120 
to  160  feet  above  the  stream,  terminates  abruptly  in  a  narrow 
zone  between  the  two  streams.  The  summit  is  capped  by  the 
upper  Burlington  limestone,  and  presents  a  striking  castel- 
lated appearance.  The  Presley  Hill  system  of  faults  passes 
through  this  bluff,  and  a  few  square  miles  of  the  territory  in 
this  region  offers  the  finest  opportunity  for  the  study  of  struct- 
ual  geology,  of  any  portion  of  the  district.  The  rugged  valley 
of  the  Sac  river  is  well  shown  from  the  summit  of  this  bluff. 
To  the  north  are  noted  the  irregular  lies  of  the  surface  between 
this  point  and  the  Morrisville-Brighton  road.  To  the  south, 
the  narrow  wooded  slopes  of  King  branch  vary  the  beauty  of 
the  scene.  About  two  miles  south  of  this  bluff  ( Tp.  31  N.,  B. 
XXII  W.,  Sec.  27),  is  the  remarkable  mound  of  circumdenuda- 
tion  known  as  King  butte.  Around  the  base  of  this  mound 
is  a  broad,  barren  terrace  of  Sao  limestone,  from  80  to  150  feet 
wide.  Above  this  rises  an  abrupt  naked  slope  of  about  40  feet 
of  Hannibal  shales,  the  whole  being  capped  by  a  few  feet  of 
Hannibal  sandstones  and  remnants  of  Ohouteau  limestone,  the 
latter  having  an  area  of  about  30  by  40  feet.  The  view  from 
the  summit  of  this  elevation  is  far-reaching  and  beautiful.  To 
the  northwest,  in  the  distance,  is  a  high  ridge.  Between  the 
mound  and  this  ridge  is  the  tortuous,  wooded  valley  of  the 
fiac.  About  half  a  mile  west  of  the  mound  is  the  Bolivar 
road,  and  from  that  point  to  the  ford  on  the  Sao  is  exposed  a 
remarkable  series  of  faults,  which  will  be  described  in  the 
chapter  on  geological  structure.  To  the  south,  on  the  Bolivar 
road,  and  west  and  southwest  to  the  Morrisville  road,  is  a  bar- 
ren stretch  of  post-oak  country,  underlain  by  the  lower  Bur- 
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lingtOD  and  the  First  sandBtODe.  From  this  point  west,  across 
Asher  creek,  where  it  found  some  fine  bloff  scenery,  the  First 
Magnesian  limestone  and  First  sandstone  form  broad  stretches 
of  barrens. 

Two  miles  south  of  Oresham,  near  the  Matherly  place  ( Tp. 
31  N.,  R.  XXIII  W.,  Sec.  24),  is  a  very  beautiful  overhanging 
bluff  of  Second  Magnesian  limestone.  The  Sac  formerly  made 
a  great  bend  at  this  point,  and  the  bluff  formed  its  north  bank, 
but  the  stream  now  flows  nearly  north  and  south,  leaving  its 
former  rocky  barrier  standing  at  an  angle  to  its  present  course. 
The  rocks  here  rise  to  a  height  of  120  feet  above  the  bottom 
land.  The  softer  layers  of  the  Magnesian  rocks  form  a  ver- 
tical wall  capped  by  the  upper  honeycombed  silicious  beds 
of  this  formation  which  project,  in  some  places,  20  feet 
beyond  the  wall  below.  Above  this  bluff  the  general  surface 
of  the  country  has  a  rugged  appearance  usually  given  by  the 
presence  of  the  honeycombed  layer. 

The  Indians,  as  in  many  other  places,  have  taken  advant- 
age of  the  beautiful  and  sightly  situation  and  used  the  summit 
of  this  bluff  for  one  of  their  burying  grounds.  Numerous 
graves,  mounds  covered  with  piles  of  fiat  stones,  have  been 
found,  as  well  as  various  other  reminders  of  their  former  oc- 
cupation of  this  region.  West  of  this  point,  the  southerly 
slope  of  the  surface  brings  up  a  broad  belt  of  the  Hannibal 
beds,  which  cover  a  considerable  area,  and  which  form  the 
characteristic  post-oak  flats.  Parallel  with  this  to  the  north,  is 
a  narrow  belt  of  First  Magnesian  limestone  and  First  sand- 
stone (mainly  the  latter)  having  a  northwest  trend.  In  Tp.  31 
N.,  R.  XXIII  W.,  Sec.  8,  near  the  center  ol  the  northeast 
quarter,  at  the  edge  of  Polk  county,  a  ferruginous  sandstone 
forms  a  narrow  ridge,  or  ^^  backbone,"  continuous  with  the 
ridge  at  Oraydon  Springs.  Here  a  little  stream  cuts  through 
the  ridge,  exposing  the  First  sandstone,  upon  which  the  fer- 
ruginous sandstone  rests,  a  juxtaposition  which  is,  at  first 
sight,  somewhat  confusing.  The  ridge  very  closely  resembles 
the  one  at  Strafford.  The  sandstone  has  the  peculiar  pitted 
and  false-bedded  structure  and  varriegated  coloring  so  char- 
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aoteristio  of  this  formation.  The  ''  backbone  "  is  over  100  feet 
above  the  level  of  the  surrounding  country,  and  the  rocks 
along  its  crest  are  very  much  tumbled  and  broken. 

]ilorri9viUe'Brighton  District  The  Bolivar-Marshfleld  anti- 
cline is  broken  up  into  minor  folds  or  swells,  and  it  has  been 
found  convenient  to  make  these  folds  the  basis  of  the  topo- 
graphical divisions  of  the  region.  The  narrow^  belt  is  quite 
distinct  in  the  northwestern  corner  of  the  region  between 
Morrisville  and  Brighton.  Its  continuity  is  more  or  less  dis- 
tinct through  Fair  Grove,  and  southeastward  nearlyto  the  east 
lioe  of  the  area.  It  forms  a  narrow  belt  but  a  few  miles  wide, 
and  is  characterized,  in  the  northwestern  corner,  between 
Morrisville  and  Brighton,  by  an  elevated  ridge  of  upper  Bur- 
lington limestone,  which  is  hardly  important  enough  to  be  re- 
garded as  a  plateau.  The  tributaries  of  the  Sac  on  the  south,  and 
Slagle  creek  on  the  north,  cut  into  the  upper  Burlington  lime- 
stone with  characteristic  gorges.  These  soon  cut  through  the 
upper  Burlington,  and  the  lower  Burlington,  which  is  either 
very  thin  or  absent,  and  expose  the  long  slopes  of  the  Han- 
nibal shale,  as  is  finely  exhibited  on  the  Morrisville-Springfleld 
road,  between  the  former  place  and  the  Sac.  Passing  eastward 
along  the  crest  of  the  anticline,  the  general  southwesterly  dip 
of  the  rocks  through  this  whole  area,  as  before  mentioned, 
gradually  brings  the  lower  formations  successively  to  the  sur- 
face. For  example,  south  of  Pleasant  Hope  there  is  a  con- 
siderable slope  of  the  Hannibal  alternating  with  more  elevated 
ridges  of  upper  and  lower  Burlington,  succeeded  by  the 
Devonian,  First  Magnesian  and  First  sandstone,  the  latter 
forming  quite  a  district  in  the  vicinity  of  Fair  Grove  and 
especially  west  of  this  place,  where  the  Little  Pomme  de  Terre 
cuts  through  this  fold.  Here  quite  a  number  of  interesting 
mounds  mark  the  course  of  the  ridge.  They  are  usually 
capped  with  the  more  durable  Hannibal  sandstone,  and  form 
highly  characteristic  features  of  the  landscape.  The  mound 
one  mile  and  a  half  southwest  of  Fair  Grove  is  capped  with 
the  sandstone  conglomerate.  It  is  a  prominent  feature  of  the 
country  for  miles  around,  and  were  it  not  so  densely  wooded. 
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it  would  give  a  beantifal  view  of  the  sarroandiag  region. 
Several  other  moands  are  sitaated  on  the  elevated  region  be- 
tween the  Big  and  the  Little  Pomme  de  Terre.  A  limestone 
forms  a  small  portion  of  the  crest  of  the  plateau  at  this  pointy 
and  the  beantifal  slope  eastward  toward  Pomme  de  Terre  and 
the  rocky  western  coarse  of  the  stream  is  referred  to  elsewhere. 
The  last  prominent  feature  of  this  crest  toward  the  east  is 
northwest  of  Northview  ( Tp.  30  N.,  R.  XIX  W.,  Sec.  9),  where 
there  is  a  big  mound  capped  by  the  sandstone  conglomerate^ 
and  similar  in  structure  and  general  appearance  to  the  Fair 
Grove  mound. 

Pleasant  Hope-Sand  Spring  DistrioU  This  region  is  well 
marked  at  a  number  of  points,  but  the  continuity  of  the  ridge 
has  not  been  so  well  established  as  in  the  other  districts.  Its 
eastern  crest  is  situated  near  Sand  Springs,  where  an  elevated 
tract  of  First  sandstone  occurs,  with  its  characteristic  stunted 
vegetation.  Passing  westward,  one  of  the  poorest  agricultural 
districts  of  the  area  is  seen,  the  sandstone  being  rapidly  re- 
placed by  the  denuded  honeycombed  blocks  of  the  upper 
silicious  layer  of  the  Second  Magnesiati,  which  gives  the 
country  a  very  desolate  appearance.  At  the  ford,  where  the 
Fair  Grove-Klkland  road  crosses  the  Pomme  de  Terre  (Tp.  31  N., 
B.  XX  W.,  Sec.  13 ),  the  Second  sandstone  appears,  and  gives 
the  best  exhibition  of  this  formation  within  the  area.  For 
several  miles  to  the  west  from  this  point,  the  Pomme  de  Terre 
flows  just  south  of  the  crest  of  this  ridge,  and  the  country  is 
rough  and  generally  unfavorable  for  agricultural  purposes. 
Just  over  the  line  to  the  west,  in  Polk  county,  Newton,  Good- 
night and  Boyd  mounds  strikingly  mark  this  fold.  The  first, 
Newton  mound,  is,  perhaps,  the  most  picturesque  one  in  the 
district.  It  is  capped  with  the  conglomerate,  and  stands  nearly 
200  feet  above  the  Pomme  de  Terre,  which  flows  along  its  east 
and  south  sides.  On  the  very  steep  slope  to  the  river,  fine 
sections  are  obtained  of  all  the  formations  from  the  Second 
Magnesian  up  to  the  Ohonteau,  which  lies  just  beneath  the 
sandstone  conglomerate.  The  summit  of  this  mound  com- 
mands   views  of   the  surrounding  country  in  almost  every 
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direotioD,  and  especially  to  the  north,  east  and  south.  Good- 
night fflonnd,  one  and  one  half  miles  to  the  west,  is  also  capped 
with  the  conglomerate.  The  Pomme  de  Terre  bends  abruptly 
to  the  north,  where  it  crosses  this  ridge  midway  between  Oood- 
night  mound  and  Pleasant  Hope.  The  conglomerate  outcrops 
just  east  of  the  latter  place,  at  the  southern  end  of  the  First 
sandstone  plateau,  and  extends  westward  along  the  western 
edge  of  the  main  divide. 

Pleasant  Hope  has  an  altitude  of  about  1170  feet,  being 
175  feet  below  the  city  of  Springfield.  Probably  the  best  farm- 
ing land  underlain  by  the  First  sandstone  is  found  on  the 
plateau  to  the  northwest  of  Pleasant  Hope. 

Mkland  Plateau  Diatriot.  This  broad  belt  lies  in  the  north- 
eastern part  of  the  area  under  consideration  and  forms  a 
small  portion  of  the  Bolivar- Marsfield  anticline.  It  is  almost 
wholly  underlaid  by  the  Second  Magnesian  limestone  and  the 
First  sandstone.  A  small  outcropping  of  the  Second  sand- 
stone is  shown  in  Gibbon  creek,  one  of  the  small  tributaries 
of  the  Niangua.  To  the  west,  along  this  fold,  the  country  is 
rough,  cherty  and  poor,  but  towards  the  middle  beds 
of  the  Second  Magnesian  some  fine  farming  land  is  found. 
This  fertile  condition  predominate  whenever  these  middle 
beds  occur,  and  the  surface  is  gently  rolling  and  slightly  diver- 
sified. Where  erosion  has  laid  bare  the  cherty  lower  beds  of 
this  formation,  or  where  its  silicious,  honeycombed  upper  beds 
underlie  the  surface,  the  rugged,  desolate  and  characteristic 
barrens  prevail,  and  are  usually  left  to  pasture  and  stunted 
timber.  Several  miles  west  of  Elkland  the  divide  is  formed  of 
the  First  sandstone,  constituting  generally  a  more  or  less  barren 
district,  covered  with  stunted  timber  and  scant  vegetation,  with 
occasional  clearings  occupied  by  small  and  comparatively  un- 
productive farms.  The  roads  across  this  plateau  form  long 
stretches  of  sandy  wastes.  In  Tp.  32  N.,  R.  XX  W.,  Sec  17, 
S.  ^9  a  small  outcrop  of  upper  Burlington  limestone,  surrounded 
by  a  Hannibal  slope,  marks  a  point  near  the  crest  of  this  uplift. 
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HTDBOGBAPHY. 

SURFACE  DRAINAGE. 

As  already  stated,  tbe  great  divide,  or  watershed,  of  the 
Ozark  aplift  rans  diagonally  through  the  middle  of  this  dis- 
trict. The  drainage  on  the  north  side  is  into  the  Sao  river, 
through  its  numerous  tributaries,  passing  out  of  the  northwest 
corner  of  the  area.  The  Pomme  de  Terre  drains  the  greater 
part  of  the  northeastern  corner,  while  the  extreme  northeast- 
ern part  is  drained  by  a  few  small  streams  that  empty  into  the 
Niangna.  The  drainage  is  finally  into  the  Osage  and  Missouri 
rivers.  South  of  the  divide,  the  James  river  and  its  tributar- 
ies constitute  the  chief  drainage  system.  These  waters  ulti- 
mately find  their  way  through  the  White  river  into  the  Missis- 
sippi. As  a  good  sample  of  the  abruptness  of  this  watershed, 
the  drainage  from  the  south  gutter  of  Oommercial  street,  in  the 
city  of  Springfield,  runs  through  Wilson  creek  and  the  James 
and  White  rivers  into  the  Mississippi;  while  that  on  the  north 
side  of  the  street  flows  northward  into  the  Sao,  Osage  and 
Missouri  rivers.  This  abruptness  is  equally  great  at  many 
other  points  to  the  east. 

James  River.  The  area  included  by  this  system  virtually 
embraces  all  the  territory  south  of  the  grand  divide.  The 
James  has  its  source  some  15  miles  to  the  east  (Tp.  29  N.,  B. 
XXII  W.,  Sec.  24)  and  pursues  a  generally  southwesterly 
course  until  it  receives  the  waters  of  Wilson  creek,  at  which 
point  it  bends  sharply  to  the  south  and  southeast,  and  leaves 
the  district  in  Tp.  27  JN.,  R.  XXII  W.,  Sec.  32. 

Upon  the  varying  thickness  and  texture  of  the  rocks  of 
the  geological  formations  depends  the  breadth  of  the  valleys 
and  the  abgle  of  the  slopes.  In  Tp.  29  N.,  B.  XTX  W.,  where 
the  immediate  valley  of  the  James  is  in  the  Second  Magnesian 
limestone,  are  found  low,  rounded  hills  and  slopes  terminated 
by  ledges  of  First  sandstone.  These  form,  in  places,  narrow 
escarpments,  which  are  frequently  cut  into  on  both  sides  by 
narrow  cherty  gorges,  the  slopes  of  which,  where  they  extend 
far  enough  to  reach  the  lower  Burlington,  are  usually  quite 
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abrupt.  In  these  instanoes,  the  Barlington  ohert,  washing 
down  and  covering  the  surface,  makes  it  difflonlt  to  obtain  the 
oatoroppings  of  the  Ohoateaa  and  Devonian  formations  which 
are  jast  below.  Above  the  narrow  sandstone  escarpment,  the 
valley  freqaently  broadens  into  excellent  farming  lands. 

Among  the  first  tributaries  that  the  James  receives  may  be 
mentioned  Welch  branch,  fed  by  a  number  of  springs.  To  the 
west  is  another  branch  that  flows  down  Bncksnort  hollow  in  a 
southeasterly  course.  On  the  south  side  of  the  river,  North 
Oarolina  creek,  which  rises  outside  of  the  area,  flows  through, 
a  very  pretty  valley  of  bottomland  and  discharges  its  waters 
into  the  James  near  Oompton.  Dry  branch,  south  of  this  town 
flows  in  a  westerly  course  through  two  or  three  sections  into  the 
James.  The  most  important  tributary  in  the  township  is  Pan- 
ther creek.  This  stream  rises  several  miles  to  the  east  of  the 
area  flows  in  a  general  northwesterly  course  and  unites  with 
the  James  at  Panther  Valley. 

Taylor  township  is  one  of  the  best  drained  districts  of 
the  area.  In  it  the  James  receives  the  waters  of  several  large 
creeks  which  are  fed  by  numerous  springs.  Within  a  quarter 
of  a  mile  from  where  it  enters  the  township  this  stream  has 
added  to  it  the  waters  of  Davis  creek,  which  are  made  up 
of  large  number  of  spring  branches  rising  in  the  northeastern 
part  of  the  township  and  flowing  in  a  general  southerly  direction 
From  this  point  the  James  takes  a  meandering  course  through, 
the  southern  third  of  the  township.  Besides  Davis  creek,  on 
the  north,  there  are  also  Danforth,  McOraw  and  Hagan  creeks, 
all  rising  from  numerous  large  springs.  From  the  south,  in 
this  township,  Sayer  branch,  rising  south  of  Henderson,  at 
Bryan  spring,  flows  to  the  James  in  a  northwesterly  direction. 
Turner  creek  drains  the  southwest  corner  of  the  township. 

The  southeast  portion  of  East  Oampbell  township  is  main- 
ly drained  into  the  James  through  Pierson  creek  which  has 
its  source  in  several  large  springs.  This  creek  flows  in  a 
general  southwesterly  direction.  Oalloway  creek  is  the  only 
tributary  of  any  size  in  Oiay  township.  It  flows  south- 
ward, receiving  the  water  that  flows  from  Fisher  cave.    This 
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township  is  DOted  for  its  caves,  springs  and  sinks  and  has  a 
very  remarkable  underground  drainage.  A  considerable  nam- 
ber  of  small  spring  branches  flow  for  a  mile  or  more  and  sink 
to  some  undergroand  channel  throagh  which  they  are  con- 
veyed to  the  James.  The  most  noticeable  are  those  that  dis- 
appear east  of  Oates.  The  great  Boiling  spring  (Sec.  16)  and  the 
Gave  spring  at  camp  Oora  (Sec.  30)  are  the  outlets  of  some  of 
these  underground  streams.  From  the  point  where  it  leaves 
this  township  the  James  has  an  exceedingly  tortuous  course 
westward  along  the  line  between  Christian  and  Greene  counties 
until  it  receives  the  waters  of  Wilson  creek.  In  addition  to 
numerous  small  spring  branches,  the  only  tributary  of  any 
size  is  Mack  creek,  which  rises  south  of  Turner  and  flows  in  a 
southwesterly  course  through  a  narrow,  deep  valley  with 
numerous  tributary  branches  that  issue  from  narrow  ravines. 

Next  to  the  Finley,  Wihon  Creek  drains  the  largest  area 
of  any  of  the  branches  of  the  James.  It  has  a  generally  south- 
westerly course  to  its  union  with  that  river.  Its  volume  is  in- 
creased by  the  '^Jordan  "  which  flows  through  the  city  of 
Springfield  and  merges  with  Wilson  creek  on  the  Peaober  farm 
(Tp.  29  N.,  R.  XXII  W.,  Sec.  27,  Sw.  qr.).  On  account  of 
receiving  the  sewage  from  the  city,  the  waters  of  this  creek 
are  very  impure  and  turbid.  Townsend  creek  has  its  source  in 
the  Ooose  pond  and  flows  westwardly  into  Wilson.  One  mile 
below  the  juncture,  the  latter  stream  sinks  for  a  short  distance. 
Bobberson  branch  and  Tyrell  creek,  the  first  rising  one  mile 
southeast  of  Eepublic,  and  the  second  near  Billings,  flow  west 
and  unite  with  Wilson  creek  about  one  mile  above  its  junction 
with  the  James.  Both  Wilson  creek  and  the  James  have 
changed  their  channels  near  the  mouth  of  the  former  within 
the  last  few  years.  From  this  point  to  where  the  James  leaves 
the  district,  there  are  no  streams  of  any  importance,  but  many 
springs  add  to  its  volume. 

Finley  River,  draining  the  greater  part  of  the  southeastern 
townships,  flows  in  a  westerly  course.  Besides  a  number  of 
large  spring  branches,  but  three  tributaries  of  prominence  flow 
into  it.    These  are  Petelo  (  shot  pouch ),  Parched  Oorn  and  Elk 
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creeks.    Along  the  valley  of  Elk  creek  are  the  somewhat 
noted  Elk  Valley  and  Alma  mines. 

Sac  Biver  drains  about  the  same  extent  of  territory  in  the 
northwest  as  the  James  does  in  the  sontheast.  It  empties 
into  the  Osage  jast  west  of  the  Osceola,  in  St.  Olair  county, 
and  is  mainly  made  up  of  the  West  Sao,  the  Main  Sac,  and  the 
North  Sac. 

West  8ae  is  formed  by  the  union  of  Pickerel,  Pond  and 
Olear  creeks.  These  streams  drain  the  center  of  the  west  por- 
tions of  the  district. 

Main  Sae^  which  leaves  the  district  near  the  northwestern 
corner,  has  a  general  northwesterly  course.  It  is  made  up  of 
Asher  creek,  North  Dry  Sac,  Sims  branch  and  South  Dry  Sao. 
The  river  has  its  souroe  at  the  Norton,  Piper  and  Dishman 
springs  in  Jackson  township,  Greene  county.  The  two  braches 
formed  by  these  springs  flow  in  a  generally  westerly  course 
until  they  unite  with  South  Dry  Sac.  The  latter  has  its  souroe 
in  Thornton  spring,  and  flows  through  a  narrow  valley  with 
cherty  slopes,  westward  to  its  junction  with  the  main  stream. 
It  is  supplied  with  many  large  springs  and  receives  the  waters 
of  Fulbright  branch,  which  has  its  source  at  the  McEoin  and 
Doling  Park  springs,  just  north  of  the  city  limits  of  Springfield. 
The  water  supply  of  the  city  is  derived  from  the  Fulbright 
epring  the  surplus  of  which  passes  into  Fulbright  creek.  The 
course  of  Sac  river  up  to  this  point  is  through  a  narrow  valley. 
The  current  is  generally  rather  sluggish  particularly  near  the 
head  of  the  stream,  and  the  slopes  are  cherty  and  the  soil  poor. 
Near  its  source  it  passes  through  the  post-oak  barrens.  From 
its  junction  with  South  Dry  Sac  its  course  is  northward,  the 
bluff  scenery  becomes  more  rugged,  the  current  more  rapid,  and 
the  valley  frequently  broadens  out,  forming  broad  floodplains. 
There  are  excellent  locations  for  mill  sites  along  the  course  ot. 
the  river.  Its  valley  is  cut  into  by  numerous  gorges  eroded 
by  the  water  from  the  large  springs  which  constantly  add  to 
its  volume.  Only  three  tributaries  of  any  length  run  into  the 
Sac  until  it  is  joined  by  the  North  Dry  Sac  at  the  edge  of  Polk 
county.    These  are  Bitter  Spring,  Leather  and  Birdeye  creeks. 
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North  Dry  Sac  has  its  Boaroe  in  the  Headlee  springs.  It 
has  a  northwesterly  coarse,  reoeivin^  the  waters  of  namerons 
small  spring  branches  until  its  volume  is  considerably  increased 
by  the  addition  of  Sims  branch.  The  valleys  of  these  two 
streams  are  rather  narrow  and  contain  a  good  deal  of  rough 
country,  although  here  and  there  are  some  rich  bottom  lands. 
One-half  mile  west  of  the  union  of  Sims  branch  with  the  North 
Sac,  the  latter  is  joined  by  King  branch.  A  precipitous  ridge 
stands  at  the  point  of  junction.  The  Fender  branch,  rising 
southwest  of  Pleasant  Hope,  discharges  into  North  Dry  Sac. 
A  quarter  of  a  mile  to  the  west,  Brighton  branch,  flowing  due 
south  from  the  town  of  Brighton,  adds  a  small  amount  of 
water.  Besides  numerous  springs  and  small  spring  branches, 
the  only  other  stream  of  importance  that  helps  to  swell  the 
volume  of  North  DrySac  is  Asher  creek. 

Asher  Creek  drains  the  greater  part  of  townships  30  and  31 
north,  range  XXIII  west,  running  nearly  through  the  middle 
of  these  two  townships.  It  has  its  source  in  Tp.  30  N.,  B. 
XXIII  W.,  Sec.  14,  Se.  qr.,  on  the  high  upper  Burlington 
plateau.  It  flows  several  miles  in  a  slight  depression  in  the 
upper  Burlington  limestone,  and  is  there  a  sluggish,  turbid 
stream.  In  the  vicinity  of  the  town  of  Gave  Spring,  several 
large  springs  add  materially  to  its  volume,  and  from  this  point 
onward  its  current  is  much  more  rapid.  It  has  eroded  a  deep, 
narrow  valley,  and  numerous  streams  from  either  side  add 
their  waters,  which  gives  to  Asher  considerable  volume  before 
it  unites  with  the  Sac. 

Slagle  Creek  drains  that  portion  of  the  district  north  of 
Brighton  and  Morrisville,  and  flows  into  the  Sac  near  Orleans. 

Pomme  de  Terre  River.  This  stream  receives  the  waters 
from  the  greater  pan  of  the  northeastern  portion  of  the  dis- 
trict. The  headwaters  have  a  northwesterly  course,  but  after 
leaving  the  area  the  river  has  a  northerly  course,  emptying  in- 
to the  Osage  five  or  six  miles  above  the  town  of  Warsaw. 
Several  small  branches  unite  south  of  Bass  (Tp.  30  N.,  B.  XX 
W.,  Sec.  1 )  and  drain  the  greater  part  of  Orant  township  in 
Webster  county.    Their  valleys  are  rough.    A  striking  dif- 
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ferenoe  is  noticed  between  tbe  land  west  of  Bass,  in  Greene 
county  and  that  to  the  east  in  Webster,  the  former  being 
generally,  beantifnlly  rolling  prairie  land  with  very  gentle 
slopes  to  tbe  river,  while  in  the  latter  the  slopes  are  abrapt 
and  precipitoas  and  covered  with  great  blocks  of  the  honey 
combed  chert  of  the  Second  Magnesian  limestone.  With  the 
exception  of  several  small  spring  branches,  no  stream  is  found 
until  the  Little  Pomme  de  Terre  is  reached.  This  tributary 
has  its  source  in  the  Meyers  and  the  Womack  springs  In  Jack, 
son  township,  Greene  county.  It  flows  through  broken  country 
and  receives,  as  its  largest  branch.  Fair  Grove  creek.  Skillet 
creek  flows  west  from  the  town  of  Skillet,  in  Dallas  county, 
and  is  the  main  tributary  to  the  Pomme  de  Terre  on  the  north 
Potomac  creek,  rising  southeast  of  Pleasant  Hope  joins  the 
Pomme  de  Terre  just  before  it  leaves  the  district. 

Niangua  River.  The  extreme  northeastern  part  of  the 
area,  around  Elkland,  in  Webster  and  Dallas  counties,  is 
drained  through  four  branches,  into  the  Niangua,  a  stream 
flowing  outside  of  the  limits  of  the  district.  The  first  of  these 
is  Sand  Spring  branch,  which  rises  just  at  the  edge  of  the  area. 
The  second  is  Gibbons  branch,  in  tho  northern  tier  oi  sections 
in  Tp.  31  N.,  B.  XIX  W.  The  third  is  Patterson  branch,  rising 
in  Tp.  32  N.,  B.  XIX  W.,  Sec.  *J8,  and  leaving  the  area  in  its 
extreme  northeastern  corner.  The  fourth  is  Greasy  creek, 
which  leaves  tbe  district  in  Tp.  32  N.,  B.  XX  W.,  Sec.  13. 
These  streams  all  drain  the  elevated  Second  Magnesian  and 
First  Sandstone  plateau.  They  are  more  or  less  sluggish,  and 
flow  through  narrow,  rather  rough  valleys. 

OAVES  AND  SINKS. 

Throughout  the  surface  extent  of  the  cavernous  limestone 
of  the  Upper  Burlington,  through  tbe  central  and  western  por- 
tions of  tbe  area,  there  are  found  a  large  number  of  caves,  some 
of  which  are  very  remarkable  and  deserve  more  than  passing 
notice. 

The  chief  cavern  of  this  formation  is  Percy  cave,  seven 
miles  northwest  of  Springfield  (Tp.  30  N.,  B.  XXII  W.,  Sec.  33), 
G— 3 
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formerly  and  more  widely  known  as  Knox  cave.  Its  location 
is  at  the  head  of  a  deep,  narrow  gorge  that  extends  a  little  less 
than  one-qnarter  of  a  mile  south  from  Sac  river.  This  gorge, 
no  donbt,  represents  a  former  portion  of  the  cave  the  roof  of 
which,  having  fallen  in,  has  filled  up  iis  former  outlet.  Since 
its  discovery,  1866,  this  cave  has  been  carefully  protected  from 
vandalism,  and  is  more  perfectly  preserved  than  the  majority 
of  such  places.  The  present  opening  has  been  partially  walled 
up,  and  is  guarded  by  an  ordinary  door.  Upon  entering,  after 
passing  over  huge  blocks  that  have  fallen  from  the  roof,  there 
appear  numberless  immense  pilasters.  Then  going  over  a  small 
hill  of  fallen  debris  a  narrow  gorge  is  reached,  where  the  roof 
is  exquisitely  beautiful  from  innumerable,  slender  stalactites, 
many  of  which  are  formed  around  the  penetrating  roots  of 
trees  that  are  growing  on  the  surface  of  the  ground  above  the 
cave.  Olirobing  up  a  steep  incline  at  the  further  end  of  this 
gorge,  a  large  chamber  is  soon  reached  which  is  about  30  feet 
high  by  75  feet  wide,  from  which  opens  a  smaller  side-chamber 
which  has  been  explored  only  a  short  distance.  Penetrating 
more  deeply  into  the  cave,  the  edge  of  a  deep  gorge  is  reached, 
and  suddenly  a  descent  is  made  to  a  small  bridge  over  a  wet- 
weather  stream  which  crosses  the  gorge  at  right  angles.  A 
number  of  blind  crawfish  have  been  obtained  from  this  rivulet. 
Ascending  the  steps  cut  into  the  steep  bank  beyond  the  bridge, 
the  end  of  the  accessible  portion  of  the  cave  is  soon  reached. 
Here  the  roof  very  rapidly  inclines  toward  the*  floor  and  one  is 
compelled  to  stoop  in  order  to  pass  to  the  large  and  beautiful 
spring  at  the  end  of  the  cave.  Although  hardly  one-half  mile 
in  length,  and  with  chambers  of  no  very  great  size,  this  cave 
is  still  one  of  the  most  beautiful  in  the  United  States.  The 
constant  variety  met  with  in  the  display  of  stalactites  which 
range  from  sparkling,  creamy  white  to  earthy  brown  in  color, 
the  splendid  fluted  pilasters,  sone  of  large  size,  and  the  beauti- 
ful rosettes  of  stalactitic  origin  in  the  roof,  all  contribute  to 
form  a  series  of  scenes  which,  in  the  wierd  intensity  of  electric 
lights,  make  a  profound  impression  upon  the  observer.  This 
cave  and  the  adjoining  grounds  have  recently  been  purchased 
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and  sach  improvement  is  constantly  being  made  to  the  natar* 
ally  pictnresqae  sarroandings  a&  will  tend  in  time  to  make  this 
one  of  the  most  attractive  sammer  resorts  itk  the  state.  The 
beantifal  Amphitheater  spring,  described  in  another  place,  is  in 
the  immediate  vicinity  of  this  cave ;  and  the  views  up  and  down 
the  Sao  river  are  exceptionally  fine  and  pleasing. 

Fisher  cave,  near  Galloway,  is  another  interesting  point. 
It  opens  in  a  low  binff  on  the  east  side  of  the  valley  through 
which  the  Ohadwich  branch  of  the  St.  Louis  and  San  Francisco 
railroad  passes.  It  is  about  8  feet  high  and  30  feet  wide  at  its 
month,  and  enters  the  bluff  in  a  northeasterly  course.  A 
stream  of  pure  cold  water  issues  from  its  mouth.  About  300 
feet  from  the  entrance  the  cave  attains  a  width  of  about  60 
feet  and  a  height  of  about  25  feet.  A  short  distance  farther  a 
spring  rises  from  the  eastern  side,  beyond  which  there  is  a 
waterfall  of  several  feet,  and  to  this  point  the  explorer  is  con- 
veyed in  a  boat.  The  cave  forks  here  to  the  north  and  east. 
It  has  been  explored  for  several  hundred  feet  beyond  the  first 
waterfall.  A  second  fall,  of  about  six  feet,  is  found  at  the  end 
of  the  east  branch,  and  beautiful  stalactites  are  everywhere 
present.  The  fine  spring  which  has  its  outlet  through  this 
cave  was  taken  advantage  of  by  the  settlers  as  early  as  1840. 
Becently  boats  have  been  provided  for  the  stream,  pavilions 
have  been  built,  the  grounds  around  the  cave  have  been  con- 
verted into  a  beautiful  park,  and  the  place  is  rapidly  becoming 
a  summer  resort. 

The  Smallen  cave,  formerly  called  Fountain  cave  ( Tp.  27 
N.,  B.  XXI  W.,  Sec.  12,  Sw.  qr.)  is  on  a  small  branch  of  the 
Finley  river.  It  has  two  openings  nearly  a  mile  apart. 
Through  the  lower  orifice  a  stream  of  considerable  size  flows 
and  forms  a  little  creek.  The  mouth  of  this  cave  is  about  70 
feet  high  and  nearly  100  feet  broad,  rapidly  narrowing  a  few 
hundred  feet  within. 

Schoolcraft,  in  his  journal "  Scenes  and  Adventures  in  the 
Semi- Alpine  Regions  of  the  Ozark  Mountains  in  Missouri "  ( p. 
107)  graphically  describes  his  visit  to  this  cave  in  1818. 
He  says : 
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*'  I  observed  a  small  stream  of  pare  water  coming  in  on 
the  north  side,  which  issued  throagh  an  opening  in  the  hills  ; 
and  as  this  ran  in  the  general  direction  we  were  parsuing,  the 
guide  led  up  to  it.  We  were  soon  enclosed  in  a  lateral  valley, 
with  high  corresponding  hills,  as  if,  in  remote  ages,  they  had 
been  united.  Very  soon  it  became  evident  that  this  defile  was 
closed  across  and  in  front  of  ns.  As  we  came  near  this  barrier, 
it  was  found  that  it  blocked  up  the  whole  valley,  with  the  ex- 
ception of  the  mouth  of  a  gigantic  cave.  The  great  width  and 
height  of  this  cave,  and  its  precipitous  face,  gave  it  very  much 
the  appearance  of  some  ruinous  arch,  out  of  proportion.  It 
stretched  from  hill  to  hilL  The  limpid  brook  that  we  had  been 
following  ran  from  its  mouth.  Oa  entering  it,  the  first  feeling 
was  of  being  *  in  a  large  place.'  There  was  no  measure  for 
the  eye  to  compute  height  or  width.  We  seemed  suddenly  to 
be  beholding  some  secret  of  the  great  works  of  nature,  which 
had  been  hid  from  the  foundation  of  the  world.  The  impulse, 
on  these  occasions,  is  to  shout.  I  called  it  Winoca.  On  ad- 
vancing, we  beheld  an  immense  natural  vase  filled  with  pure 
water.  This  vase  was  formed  from  concretions  of  carbonate 
of  lime,  of  the  nature  of  stalagmite,  or  rather,  of  stalactite.  It 
was  greyish-white  and  translucent,  filling  the  entire  breadth  of 
the  cave.  But,  what  was  still  more  imposing,  another  vase,  qf 
similar  construction,  was  formed  on  the  next  ascending  plateau 
of  the  floor  of  the  cave.  The  water  flowed  over  the  lips  of 
this  vase  into  the  one  below.  The  calcareous  deposit  seems 
to  have  commenced  at  the  surface  of  the  water,  which  con- 
tinually flowing  over  the  rims  of  each  vase  increases  the 
deposit. 

''  The  height  of  the  lower  vase  is  about  five  feet,  which  is  in- 
ferable by  our  standing  by  it,  and  looking  over  the  rim  into 
the  limpid  basin.  The  rim  is  about  two  and  a  half  inches  thick. 
Etruscan  artists  could  not  have  formed  a  more  singular  set  of 
capacious  vases. 

*'  The  stream  of  water  that  supplied  these  curious  tanks, 
rushes  with  velocity  from  the  upper  part  of  the  cavern.  The 
bottom  of  the  cave  is  strewed  with  smtill  round  calcareous 
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popular  tesort  for  the  oitizens  of  Springfield,  and  its  nataral 
beanties  have  been  greatly  enhanced  by  jadieions  improTe- 
ments. 

Of  the  nnmerons  smaller  cayes  which  abound  thronghont 
the  district,  only  a  few  will  be  noted :  The  Lapham  caves  and 
sinks  in  Oass  township  ( Tp.  30  N.,  B.  XXIII  W.,  Sec.  23 ) ;  the 
cave  from  which  Jones  spring  issaes  (Tp.  29  N.,  B.  XXI  W.,  Sec. 
27);  Woody  cave,  north  of  Ozark,  in  Christian  county  ( Tp.  27 
N.,  B.  XX  W.,  Sec.  6 ) ;  the  Little  Yosemite  ( Tp.  29  N.,  B. 
XXI  W.,  Sec.  28) ;  Wild  Gat  cave,  near  Boiling  spring  (Tp.  23 
K,  B.  XXI  W.,  Sec.  15) ;  the  cave  in  the  bluff  at  the  Peirsou 
Greek  mines;  the  Bobberson  cave  (Tp.  30  N.,  B.  XXI  W., 
Sec.  17,  E.  i  of  Ne.  qr. );  the  McOuire  cave  on  the  Brighton- 
Pleasant  Hope  road  (Tp.  32  N.,  B.  XXII  W.,  Sec.  34) ;  and 
another  one  north  of  Pleasant  Hope  on  Potomac  branch. 
Several  interesting  caves  are  found  on  the  south  side  of  the 
James  river  east  of  Patterson  spring,  on  the  Yarborough  farm. 

Among  the  numerous  sinks  that  are  found  in  this  area, 
the  most  interesting,  and  by  far  the  largest,  is  the  Panther  den, 
situated  where  the  Benton  branch  of  Panther  creek  leaves 
Benton  township  (Tp.  28  N.,  B.  XIX  W.,  Sec.  3 ).  Though  this 
remarkable  phenomenon  is  so  often  mentioned  in  histories  and 
reports  on  this  part  of  the  state,  there  seems  to  have  been 
no  attempt  to  explain  what  a  little  study  will  make  clear  in  re- 
gard to  its  origin.  Approaching  this  sink,  or  ^^  mysterious 
lake,"  from  the  east,  one  passes  from  Burlington  limestone,  in 
section  2,  on  a  moderately  abrupt  slope,  probably  over  an  un- 
exposed bed  of  Ghouteau  and  Hannibal  shales  which  are 
covered  with  the  indestructible  Lower  Burlington  chert.  In  the 
northeast  quarter  of  the  northwest  quarter  of  section  2,  two 
adjoining  sinks  are  passed  which  are  striking  enough  to  notice, 
and  which  aid  in  explaining  the  origin  of  the  ^'Devil's 
Den."  Only  a  very  narrow  ridge  separates  these  two 
sinks,  and  a  line  drawn  through  both  of  them  gives  a 
course  N.  20  degrees  W.  They  are  each  about  25  to  30 
feet  deep,  and  the  larger  is  perhaps,  150  feet  long,  by  80 
feet  wide.    The  significance  of  their  course,  the  position  of 
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the  sinks  on  the  sammit  of  the  ridge,  and  their  proximity  to 
the  neighboring  mining  camps,  will  be  emphasized  in  another 
section  of  this  report.  A.  number  of  very  large  trees  grow 
npright  in  these  sinks,  and  some  stnmps  and  decaying  trees 
indicate  the  imth  of  a  former  tornado.  The  Barlington  debris 
covers  the  steep  sides,  so  that  no  ontcrops  can  be  stndied.  Next, 
on  the  way  to  the  great  sink,  about  20  feet  of  Devonian  limestone 
is  passed  over,  along  a  gentle  slope  downward.  This  descent 
contiones  over  an  ISfoot  slope  of  First  Magnesian,  and  then 
First  sandstone,  then  to  a  foothill  overlooking,  and  about  60  feet 
above,  the  north  side  of  the  Benton  branch  of  Panther  creek, 
the  stream  flowing  on  the  other  ( or  western )  side  of  the  valley, 
which  is,  perhaps,  a  third  of  a  mile  wide  at  this  point.  Leav> 
ing  the  wooded  ridge,  the  explorer  abruptly  finds  himself  at 
the  edge  of  a  gulf  or  chasm  surrounded  by  overhanging 
ledges  of  Sacoharoidal  sandstone,  and  80  feet  below  lies 
a  deep,  dark  pool  of  water.  This  chasm  is  blunt  at  the 
south  end,  but  runs  off  into  a  narrow  fissure  at  the  north 
end.  It  is  somewhat  pear-shaped.  Roughly  measured,  it  is 
150  feet  long  by  80  feet  wide.  The  only  point  where  it  can  be 
entered  is  through  the  crevice  at  the  north  end.  Climbing 
down  on  the  rough  ledges  for  about  40  feet,  an  abrupt  shelf  is 
reached,  where  an  old  ladder  has  been  placed.  Descending 
this  ladder  to  a  sloping  talus,  the  water's  edge  can  be  reached. 
This  water  rises  and  falls  according  to  the  rainfall.  When 
first  visited,  the  water  was  moderately  low,  and  with  careful 
work,  one  might  creep  around  on  the  eastern  edge  so  as  to 
get  a  good  view  of  the  block-like  ledges  of  First  sandstone 
which  overhang  the  sink  all  around  with  a  thickness  of  about 
15  feet,  casting  a  dark  and  gloomy  shadow  over  all  below. 
The  water  in  the  bottom  was  quite  muddy,  although  it  did 
not  seem  stagnant.  When  visited  the  second  time,  the  water 
was  15  or  20  feet  higher,  and  a  careful  examination  of  the  sur- 
rounding walls  gave  evidence  that  it  must  reach,  in  very  wet 
times,  nearly  to  the  top  of  the  second  soft  layer.  In  the  south 
end  were  noticed  two  decided  fissures  which  were  found  to 
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ran  N.  15  degrees  W.  Old  inhabitantB  state  that  logs  thrown 
into  the  water  disappear,  and  are  carried  away  through  some 
underground  passage.  The  crevices  were  noted  on  the  north 
end,  the  eastern  one  being  the  fissure  through  which  descent 
into  the  *^gulf"  is  possible,  and  the  western  one  was  well  out- 
lined in  the  wall  to  the  northwest.  These  crevices  were  20 
feet  apart,  slightly  converging  toward  the  bottom  and  south 
end.  Indications  of  a  cross  crevice  were  noted  in  the  north- 
western corner.  Measurements  gave  the  depth  of  the  water  on 
the  west  side  as  63  feet.  On  the  south  side  opposite  the 
east  fissure  70  feet  was  obtained. 

The  evidence,  then,  all  goes  to  prove  that  this  '^  Panther's 
Den "  is  really  an  immense  sink,  similar  in  every  respect  to 
the  great  "  6alf  "  in  Howell  county,  and  it  also  has  great  sim- 
ilarity to  the  two  '^  gulfs  "  or  sinks,  one  of  which  opens  by  a 
natural  bridge  near  the  Gunter  spring  and  lake,  in  Oamden 
county. 

The  Gunter  spring  flows  out  from  the  base  of  a  precipi- 
tous blufi",  bordering  on  the  edge  of  a  narrow  gorge  extend- 
ing down  to  the  Niangua  river.  There  is  evidence  here  that 
this  immense  spring  issued  further  up  the  gorge,  but,  by  an 
undermining  and  caving  in  of  the  roof  of  its  old  cave  channel, 
an  immense  sink  was  formed,  which  opens  toward  the  main 
gorge  under  a  beautiful  natural  bridge,  which  escaped  the  gen- 
ral  falling  in. 

The  *' Panther's  Den"  or ''Gulf"  may  be  accounted  for 
by  an  undermining  and  washing  out  of  some  of  the  softer 
strata  of  the  Second  Magnesiau  by  an  underground  stream. 
This  was  facilitated  by  the  fact  that  several  crevices  extending 
through  the  sink  formed  natural  water-ways.  The  situation 
of  the  "Gulf,"  at  the  junction  of  at  least  three  crevices,  ren- 
ders the  conditions  eminently  favorable  for  such  an  underwash- 
ing  and  subsequent  sinking.  At  the  south  end  the  fissures,  as 
exposed  in  the  wall,  converge  slightly  towards  each  other  as 
they  go  down,  leaving  a  wedge-shaped  portion  of  rock  as  a 
kind  of  keystone  which  preserved  that  end. 
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No  very  large  aprings  are  fonnd,  boweyer,  soath  of  this 
poiuty  thoagh  there  are  several  small  ones  that  may,  and  prob- 
ably do  have  their  sonroe  in  this  reservoir.  One,  the  Sherman 
spring,  seems  to  issue  from  a  crevice  that  is  almost,  if  not  ex- 
actly, on  the  range  line  with  the  tissnre  in  the  ^'  6alf."  These 
flssares  are  continnons  with  tbe  mines  half  a  mile  to  the  north. 

Mr.  Olay  Derrick,  who  lives  southwest  of  Elkland,  de- 
scribes a  very  remarkable  sink  in  the  Second  Magnesian  (Tp. 
32  N.,  B.  XIX  W.,  Sec.  35,  Ne.  i  of  Sw.  qr.)  He  states  that  it 
covers  an  acre  in  extent  and  is  50  feet  deep,  with  steep  sides. 
Daring  heavy  rains,  the  outlet  is  not  sufficient  to  carry  off  the 
drainage,  and  the  sink  rapidly  fills,  forming  a  pond.  Air 
bubbles  up  through  the  water  with  considerable  noise  as  it 
settles  in  its  underground  channel. 

Grand  prairie  contains  a  large  number  of  remarkable  sink- 
holes, arranged  more  or  less  in  groups  and  having  regular 
trends,  which  undoubtedly  mark  crevices  and  underground 
streams.  Some  of  the  most  noteworthy  groups  exist  about  a 
mile  southeast  of  Brookline  in  the  vicinity  of  the  mines ;  also 
about  a  mile  south  of  Dorchester  in  the  Haseltine  pasture,  and 
in  Tp.  29  N.,  B.  XXII  W.,  Sec.  6,  not  far  from  the  railroad  sec- 
tion house.  On  the  Crenshaw  farm  (Tp.  28  N.,  B.  XXII  W., 
Sees.  3  and  10),  is  a  series  of  very  interesting  sink-holes. 
Many  others  might  be  mentioned,  especially  those  in  the  south- 
east part  of  Tp.  29  N.,  B.  XXIII  W.  The  sink-holes  on  the 
prairie  uplands  are  frequently  taken  advantage  of  by  the  far- 
mers for  making  storage  ponds  for  watering  stock.  The  smaller 
streams  in  the  upper  Burlington  limestone  frequently  disappear, 
and  seem  to  find  underground  channels  for  considerable  dis- 
tances before  they  again  appear.  Wilson  creek  loses  itself  in  this 
way  in  several  places,  especially  in  Tp.  28  N.,  B.  XXII W.,  Sec. 
18,  Nw.  i  of  Ne.  qr.  The  south  fork  of  Dry  Sac  at  one  point 
also  sinks  for  some  distance  in  Tp.  30  N.,  B.  XXI  W.,  Sec.  36. 

The  consideration  of  caves  and  sinks  throws  much  light 
on  the  origin  of  valleys,  especially  the  deep  gorges  that  cut  in- 
to the  large  ridges.  All  the  different  stages  in  the  evolution 
of  the  valley  may  readily  be  made  out  in  the  vicinity  of  the 
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caves  and  sinks.  The  percolating  waters  find  an  easy  path- 
way throngb  fissures  or  crevices,  and  gradually  dissolve  the 
rock  and  wash  out  nndergronnd  channels  and  cavernons  pas- 
sages. In  places  the  roofs  of  these  passages  give  way  and 
thns  form  larger  reservoirs  for  the  accnmalation  of  surface 
waters.  With  the  greater  volame  of  water  the  andermining  is 
increased  and  a  series  of  sinks  is  formed  which  become  con- 
tinnons  or  separated  by  natural  bridges.  As  these  barriers 
finally  give  way,  the  result  is  a  deep  gorge  in  the  bottom  of 
which  flowM  the  stream.  In  some  instances,  as  Percy  cave, 
the  valley  is  formed  by  gradual  retrocession.  Here  the  cave 
formerly  had  its  mouth  near  the  Sac,  but  the  gradual  caving  of 
the  roof  due  to  the  undermining  of  the  waters,  has  formed  a 
valley  that  reaches  back  to  the  present  mouth  of  the  cave, 
nearly  one-fourth  of  a  mile  from  its  original  opening. 

SOILS. 

The  soils  of  Greene  county  have  been  formed  in  one  of 
two  ways :  ( L )  In  place,  from  decomposition  of  the  rock 
beneath,  as  over  the  prairie  uplands,  hills  and  bluffs,  and  ( 2 ) 
as  the  result  of  erosion,  the  alluvium  in  the  valleys  supple- 
menting the  soils  formed  by  the  first  method.  There  are  no 
glacial  deposits,  the  area  being  too  far  beyond  the  morainic 
border. 

The  value  of  a  soil  depends  upon  its  chemical  composition, 
porosity  and  degree  of  dampness.  As  the  soils  of  this  area 
are  mostly  derived  in  place,  from  the  rocks  beneath,  the  na- 
ture of  the  rocks  with  the  addition  of  decaying  organic  mat- 
ter determine  essentially  the  character  of  the  soils.  In  lime 
stone  regions  the  soil  is  calcareous,  in  the  uplands  as  well 
as  in  the  bottom  lands,  where  the  drainage  is  all  derived  from 
the  same  formation.  Where  erosion  in  the  valleys  has  cut 
through  several  formations,  there  is  a  mixture  of  the  constitu- 
ents of  those  formations  which  have  been  brought  down  by 
erosive  action.  Toward  the  months  of  the  rivers  the  valleys 
become  broader,  the  mixture  greater,  and  the  deposits  finer, 
the  coarser  materials  having  been  dropped  as  soon  as  the  waters 
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became  more  quiet.  In  saodstone  regions  the  soil  is  sandy,  un- 
less mixed  with  the  decomposed  materials  of  other  beds.  A 
sandy  soil  is  too  porous  and  light  for  the  best  crops,  unless  the 
rainfall  is  light  and  frequent.  The  water  being  quickly  car- 
ried away  from  a  sandy  soil  must  be  often  renewed  to  keep 
vegetation  vigorous.  If  there  is  too  much  clay  the  water  is 
retained,  and  in  wet  seasons  makes  the  soil  too  damp,  while  in 
periods  of  drought  the  earth  bakes  and  forms  a  material  which 
prevents  the  growth  of  the  tender  roots  of  plants  and  makes 
an  impervious  stratum  which  hinders  the  evaporation  of  sub- 
terranean waters.  The  proper  mixture  of  calcareous  ( lime ), 
silicious  ( sand ),  and  argillaceous  ( clay  )  elements  with  organic 
matter  and  a  right  amount  of  moisture  are  desired.  The  varia- 
tions in  these  mixtures  are  innumerable,  and  it  rarely  happens 
that  a  soil  is  found  wholly  uoadapted  to  cultivation. 

The  various  soils  of  Greene  county  are  due  to  the  differ- 
ences in  the  composition  ot  the  geological  formations  from  which 
they  are^  derived.  The  sandstones  of  the  Carboniferous  give 
rise  to  soils  that  are  fairly  productive.  There  is  in  them  usually 
a  sufficient  amount  of  iron  and  argillaceous  material  derived 
from  the  cementing  matter  to  modify,  to  a  degree,  their  great 
porosity,  and  thus  enable  them  to  be  rated  as  second  class  soils. 
Where  these  elements  have  been  largely  washed  out  and  the 
sand  alone  left,  the  extreme  conditions  of  porosity  are  presented. 

The  upper  Burlington  furnishes  the  best  soils  in  the  area. 
The  purity  of  the  limestone  and  its  great  porosity  and  thick- 
ness together  with  the  abundance  of  soft  chert  and  carbonate 
of  iron,  give  by  decomposition  all  the  constituents  of  a  strong, 
and  sufficiently  porous,  rich  soil.  Detritus  from  former  beds 
of  sandstone  above  also  aid  in  contributing  valuable  residual 
material.  From  the  decomposition  of  the  beds  of  this  lime- 
stone and  chert  is  formed  a  highly  ferruginous  deposit  of 
clay  called  geest,  mixed  with  broken  and  decomposing  chert, 
the  latter  generally  giving  the  porosity  to  this  clayey  soil, 
especially  where  the  shattering  and  fissuring  of  this  formation 
has  taken  place  through  underground  drainage.  Where  this 
is  not  the  case  the  barren  post-oak  flats  occur.     One  not 
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fiiinQiar  with  the  soil  of  the  upper  BurltDgton  formation  is 
aorprised  at  its  productiveness,  as  the  anfavorable  appearance 
of  the  red  clay  so  freely  mixed  with  broken  chert  does  not 
seem  to  indicate  the  great  fertility  of  a  soil  that  is  not  only 
rich  but  lasting. 

The  lower  Burlington  limestone  presents,  in  the  fertility 
of  its  soil,  a  marked  contrast  to  that  of  the  upper  Burlington. 
Both  formations  are  made  np  of  alternating  beds  of  chert  and 
limestone,  but  their  resulting  soils  are  widely  different.  In 
both,  the  heavy  deposits  of  chert  are  in  the  upper  part  of  the 
formations ;  but  in  the  lower  Barl*ngton,  both  the  chert  and 
limestone  are  extremely  hard  and  compact,  while  in  the  upper 
Burlington,  the  reverse  is  the  case.  The  decomposition  of  the 
lower  Burlington,  if  in  the  upper  portions,  gives  heavy  layers 
of  broken  chert  with  very  little  admixture  of  soil,  except  that 
obtained  from  the  decomposition  of  superincumbent  beds. 
The  flinty,  cherly  slopes  of  the  southeastern  portion  of  the 
area,  which  are  usually  left  to  woodland,  are  good  examples  of 
soil  derived  from  the  upper  layers  of  the  lower  Burlington  beds. 
The  decomposition  of  the  lower  limestone  beds  is  slow  and 
results  in  a  mnch  thinner  and  poorer  soil  than  that  of  the  upper 
Burlington.  The  abundance  of  thin,  intercalated  beds  of  chert 
also  renders  this  soil  very  flinty,  and  the  compactness  aud  hard- 
ness of  both  limestone  and  flint  make  it  more  purely  argillaceous, 
though  lacking  in  the  porosity  necessary  for  a  good  soil. 

The  Kinderhook  presents  three  beds  from  which  soil  may 
be  derived,  but  they  are  all  thin.  The  Hannibal  sandstone 
and  shale  is  much  the  thickest  and  most  important  member, 
the  largest  area  being  underlain  by  it.  The  soils  from  the 
Kinderhook  are  chiefly  from  this  formation.  These  shales  and 
sandstones  are  found  mainly  in  the  form  of  terraces  and  slopes 
along  the  valleys,  or  in  patches  along  the  crest  of  the  Gray  don- 
Northview  monocline. 

Alone,  the  soils  from  either  the  sandstone  or  shales  are 
very  unproductive,  but  when  mixed  with  eroded  material  from 
the  upper  formations  they  are  very  fertile.  Many  of  the  post-oak 
flats  along  the  high  plateau  on  the  crest  of  the  Graydon-North- 
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view  ridge  are  nnderlaia  by  these  shales,  and  are  barren  and 
desolate,  with  a  cold,  damp,  clayey  soil  in  wet  weather,  and  a 
dry  ashy  soil  in  times  of  droa^ht.  They  are  sparsely  clothed 
with  coarse  vegetation  and  stanted  trees.  Abrnpt  slopes  are 
frequently  covered  with  blocks  of  sandstone,  and  these  blocks 
are  frequently  arranged  in  long  lines  of  outcroppings  along 
the  hillsides. 

The  Devonian  beds  are  too  thin  to  form  a  soil  with  any 
distinctive  chRracteristics,  bnt  by  their  decomposition  they 
form  an  admixture  which  adds  materially  to  the  productiveness 
of  the  soils  with  which  they  are  mingled. 

The  Silurian  rocks  are  represented  in  this  district  by 
alternating  beds  of  sandstone  and  limestones.  The  soils  de- 
rived from  the  sandstones  of  this  age  somewhat  resemble  those 
from  the  sandstones  of  the  Oarboniferous,  but  they  are  far  less 
productive,  owing,  no  doubt,  to  the  lack  of  cementing  material 
which  exists  more  abundantly  in  the  latter  formation.  The 
rocks  are  softer  and  the  soil  more  porous,  which  is  also  a  detri- 
mental feature.  The  limestones  of  this  age  are  all  highly  mag- 
nesian,  merging  both  above  and  below  into  highly  silicious, 
cherty  beds.  These  cherty  beds  form  rugged  and  desolate 
regions  with  scanty  soil  and  sparse  vegetation.  The  limestone 
of  the  First  Magnesian  is,  usually,  scant  in  the  greater  part  of 
the  area  and  forms  very  little  soil.  Good  examples  of  it  may 
be  seen  in  the  barren  First  Magnesian  glades  which  exist  in 
patches  along  the  crest  of  the  Graydon-Northview  monocline. 
The  middle  beds  of  the  Second  Magnesian  and  the  calcareous 
beds  of  the  Third  Magnesian  limestone  form,  where  decom- 
posed, a  rich,  black  and  productive  soil. 

FORESTRY. 

The  greater  part  of  this  district  is  well  wooded,  oak  and 
hickory  being  the  predominant  varieties  of  trees.  The  country 
is  well  diversified  with  a  mixture  of  prairie  and  timber  which 
provides  an  abundance  of  farming  lands  with  a  good  supply 
of  building  material,  fuel  and  fencing.  It  is  a  mistaken  idea 
that  the  supply  of  timber  in  this  region  is  decreasing;  on  the 
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contrary  it  is  largely  increasing.  Attention  was  first  called  to 
this  fact  by  Mr.  J.  W.  Blankinship  who  has  given  a  great  deal 
of  study  to  the  flora  of  the  region.  He  learned  from  the  testi- 
m3ny  of  old  sellers  that  seventy  years  ago  there  was  probably 
not  one-half  the  timber  in  the  country  that  there  now  is. 
Schoolcraft,  in  1819,  in  speaking  of  the  James  rivei  says: 
^'The  timber  on  its  banks  is  abundant,  a  remark  which  cannot 
with  justice  be  made  of  many  parts  of  the  adjacent  country, 
and  is  remarkable  for  its  size  and  its  value,  and  nothing  can 
exceed  the  vigor  and  verdure  of  vegetable  nature  on  this 
beautiful  and  neglected  stream.  Prairies  are  also  found  within 
a  mile  of  its  western  banks  and  extend  toward  the  Grand 
Osage  as  far  as  the  eye  can  reach,  level  as  a  graduated  plain, 
and  waving  with  tall  grass,  on  which  the  elk,  the  buflPalo  and 
the  deer  feed  in  countless  numbers."  In  those  early  days  the 
timber  covered  only  the  bottom  lands  of  the  Sac  and  James 
rivers  and  the  early  inhabitants  felt  great  solicitude  lest  it 
should  be  entirely  destroyed.  It  has  probably  increased  one- 
third  within  the  last  forty  years. 

Since  the  building  of  the  Kansas  Oity,  Ft  Scott  and 
Memphis  railroad  and  the  Ohadwick  and  Bolivar  branches  of 
the  St.  Louis  and  San  Francisco  railroad,  a  number  of  timber 
industries  have  been  developed  and  a  large  quantity  of  wood 
is  Shipped  annually  for  fuel  and  building  materials.  The  white, 
post  and  burr  oaks  are  largely  cut  for  railroad  ties,  fence  posts 
and  lumber,  the  greater  part  coming  from  Christian  county, 
south  of  Greene.  A  remarkable  example  of  the  durability  of 
post-oak  where  exposed  to  the  weather  is  seen  in  the  old 
Salem  church,  built  in  1837,  in  Tp.  30  N.,  B.  XXI  W.,  Sec.  4. 
The  corners  of  this  log  church  rested  upon  split  logs  of  post- 
Dak  the  flat  side  laid  on  the  ground.  The  logs  at  one  of  these 
corners  still  support  the  building,  after  a  lapse  of  nearly 
sixty  years. 

The  native  supply  of  black  walnut  is  virtually  exhausted, 
and  it  is  somewhat  surprising  that  more  attention  is  not  paid 
to  its  cultivation,  as  it  is  easily  propagated  from  the  seed  and 
there  are  many  apparently  worthless  tracts  in  this  area  which) 
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planted  with  walaats  would  prodace,  in  the  long  ran,  more  pro- 
fitable harvests  than  are  reaped  from  the  best  of  farming: 
lands.  A  notable  exception  to  the  lack  of  black  walnnt  cnl- 
tare  is  seen  on  the  Crenshaw  farm  a  few  miles  south  of  the 
city  of  Springfield,  where  a  beaatifal  grove  of  yonng  walnnt 
trees  line  either  side  of  a  long  avenne  which  leads  from  the 
main  traveled  road  to  the  heart  of  the  large  and  fertile  farm. 

Many  of  the  cherty  soathern  slopes  of  the  Barlington 
conld  be  profitably  ntilized  for  frait  farms  and  for  the  cnltnre 
of  the  grapes.  In  the  year  1890  the  apple  crop  in  Missouri 
realized  a  greater  profit  to  the  acre  than  the  wheat  crop. 

A  list  of  the  native  trees  of  the  connty  is  appended : 

Red  cedar,  Juntpenu  virginiana,  L.    Bare. 

Butternat ,  white  walnut ,  Juglan$  cinctra ,  L .   Not  uncommon  on  low  grounds . 

Black  walnut,  Juglaiu  nigra,  L.    Scarce  native,  but  being  cultivated. 

White-heart  hickory,  iJ»coriaa/6a,  (L.)    Brltton. 

Brown  hickory,  or  pignut,  Iltcoria  glabra  (&I111.)    Brltton. 

Thick  shell-bark  hickory ,  Jlicoria  l^tciniosa  (&Ilchx. )    Sargent . 

Small  fruited  hickory,  Hicoria  microcarpa  (Milt.)    Brltton.    Infrequent. 

Blttemut,  white  hickory,  Ilicoria  minina  ( Ifarah)    Brltton . 

Shell -bark  hickory,  Jlicoria  ovata  (Mill  )    Brltton. 

CotionwooCi,  PopuhumoniHf era t  Alt. 

American  aspen.  Popultu  trtmtUaides,  Mlchx.    Introduced 

Marsh  willow,  Salixhumulii,  Marshall. 

Black  willow,  Salix  nigra,  var.  wardi,  Bebb.    Bare. 

Iron  wood,  Ottrgavirginica,  Wllld.    Frequent. 

Hazelnut,  Corglu$ amerieana,  Walt.    Common. 

White oalL,  Quereus alba.  It.    Common. 

Shingle,  or  laurel  oak,  Quercut  imbricaria,  Mlchx. 

Post  oak,  Queroui  minor  (Marsh)    Sargent.    Very  common  on  *■  post-oak 

flats'*  and  barrens. 
Burr-oak,  moss-cup,  Quercugmacroearpa,  Mlchx. 
Chinquapin  oak,  Quercuinmhienbergli,  Engelm. 
Black  jack  oak,  Quercua  nigra,  L.    Very  common . 
Pin  oak,  swamp  Spanish  oak,  Quercut  palustrls.  Da  Rol. 
Prairie  oak,  Quercua prinoidet,  Wllld. 
Red  oak,  Quercui  rubra,  L.    Common  In  rich  woods. 
Texas  red  oak,  V^erciM  <&raiia,  Buckl.    Frequent.    J.  W.  B. 
Black  oak,  Quercua  veluiina.  Lam. 
Wahoo,  winged  elm,  UlmuattUUa,  Mlchx. 
White,  or  American  elm,  Ulntu  americana,  I,.    In  low  woods. 
Red,  or  slippery  elm,  Ulmuapubeacena,  Walt. 
Hackberry,  CleHa  ocddentaHa,  L.    Not  common. 
Mulberry,  ifortMru^ra,  L.    Common. 
Osage  orange,  Toxylon  pomi/erum,  Kaf. 

Tulip  tree,  LiriodendrontuUpi/era,  L.    Not  rare  along  the  Sac. 
Pawpaw,  Aaimina  triloba,  (L)  Dunal.    Along  the  larger  streams. 
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Common  sasiafras,  8anafra»§auafraM^  (L.)    Karst. 

Spice  wood,  Benzoin  benzoin t  (L.)  Coulter.    Infrequent. 

Sweet  gum,  ZAquldambar  gtyradftua,  L. 

Sycamore,  Plantantu  occidentaUs,  L.    Common  along  rivers. 

American  crab  apple,  Pgrut  eoronaria,  L. 

Crab  apple,  P^nu  toirefwii,  Bailey.    Common. 

Sbadbnsh ,  June* berry,  Amelanohier  canadenaUt  (L. )    Medic 

Bed  haw,  Cratngue  eoreinea.  L.    Rare. 

Black  thorn,  CraUegui  iomentoga,  L. 

Cockspur  thorn,  Cratfrgutenu-galH,  L.    Common. 

Wild  or  Canada  plum,  Prumu  amerieatm.  Marsh.    Common. 

Chickasaw  plum,  Prunut  angutti/oUa,  Marsh. 

Wild  goose  plum,  PrutiiaAorAi/ana,  Bailey.    Rare.    J.  W.  B. 

Wild  black  cherry,  Pruntu  terotina,  Khrb.    Common . 

Choke  cherry,  Prunna  virginiana^  L. 

Red  bud,  Judas  tree,  CercU  canadentUt  L.    Common  on  bluffs. 

1 1  onoy  locust ,  OtediUchia  triacanthott  L .    Rich  bottoms ,  common . 

Locust,  Jiobina  p$eudac<icia,  L. 

Prickly  ash ,  XanthoxyUum  americanum.  Mill .    Frequent .    J .  W .  B . 

Black  sumach,  Khut  copallina,  L.    Common.    J.  W.  B. 

Uoptree,  Steleatrl/olia.L,    Rare.    J.  W   B. 

White  sumach,  tihu$  glabra^  L.    Common. 

Staghorn  sumach,  lihtu  hirta,  L. 

Htrawberry  bush,  £iM>iijfmtt«a<ro;iur/mr<iM,  Jacq.    Infrequent.    J.  W.  B. 

Hladdernut ,  Straphylta  triJbUata,  L .    Rare . 

Box  elder,  Acer  negutido,  L.    Along  streams,  rare . 

Red  maple  Acer  ntbntm,  L.    In  low  bottoms. 

White,  or  stiver,  maple,  Acer  eacehorinunt  L.    Frequent. 

Hugar  maple,  Acer  eaocharumt  L.    Not  uncommon. 

Ohio  buckeye,  .Ktculus  glabra,  WlUd.    Common. 

Buckthorn,  lihamnuilanceoMust  Pursh.    Frepuent. 

Hasswood.  TiUa  amerioana,  L.    Along  larger  streams. 

Klnntklnnlck,  Comue amommm.  Mill. 

Dogwood,  Comui  canidUiima,  Marsh. 

Flowering  dogwood,  Cornutjiorida,  L.    Not  common. 

i*t* rsl m mon ,  Diotpgroe  virginiana ,  L .    Common . 

White  asli ,  Fraxlmu  amnicana  (L . )    Common . 

i«reen  ash,  lV(U'Uta<aiio«olala,  Brock.    Common.  (J.  W.  B.; 

Blue  ash,  VraHmue  quatlrangHlatat  Mlchz. 

Catalpa,  rotofpa  ooioi^ia,  (L  )    Harst. 

Button  bush,  C#;iiUiiaiiMtMocct>/eii/al««,  L.    Common. 

}S\i\^Vt  SambHcn$eanaden$i*^  h.    Common. 

Sheep  l)erry,  Virburum  UtUaga,  L.    In  rich  woods. 

Black  haw,  l'irburumpruti^iHm,L*    Common, 

STRATIGRAPHY. 
QBNBBAL  BBL1TI0N8  OF  POBM4TIONS. 

The  rocks  of  this  district  consist  of  (1)  a  eeries  of  more 
or  less  evenly  and  regalarly  bedded  deposits  composed  largely 
of  white  limestones  with  lome  shale;  and  (2)  a  seqaence  of 
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heavily  bedded  or  massive  bnff  magnesian  limestone.  The 
former  are  almost  entirely  lower  Oarboniferoas  rocks  which 
bear  considerable  chert  and  which  are  overlain,  in  isolated 
places,  by  beds  of  sandstones.  Farther  northwest,  these  lime- 
stones form  the  great  basement  upon  which  the  coal  measures 
of  the  state  rests ;  but  Greene  county  lies  beyond  the  coal 
measure  margin,  and  consequently  extensive  deposits  of  min- 
eral fuel  are  not  to  be  expected.  The  second  series,  or  the 
magnesian  limestones  or  dolomites,  belong  to  the  basal  portion 
of  the  Silurian.  They  are  chiefly  exposed  in  the  river  valleys 
on  the  northern,  southern  and  eastern  borders  of  the  district 
where  they  have  been  brought  to  the  surface  through  the  vig- 
orous erosion  of  the  streams.  Between  the  two  formations 
there  is  a  wide  interval  covering  the  most  of  the  Silurian  and 
Devonian,  the  latter  being  probably  represented  in  this  region 
by  a  few  thin  beds  of  limestones,  sandstones  and  shales,  though 
well  developed  in  the  eastern  part  of  the  state. 

The  general  scheme  and  classification  of  the  geological 
formations  included  within  the  limits  of  the  district  are  shown 
in  the  accompanying  table : 

Table  of  Oeologioal  Formations. 


System. 

SSBIBS. 

Stage. 

Formations. 

Des  Moines. 

Oherokee. 

Graydon  sandstone. 

Carboniferous. 

Mlsslsslpplan. 

Augusta. 

Upper  Burlington  limestone. 
Lower  Burlington  limestone. 

Klnderhook. 

Chouteau  limestone. 
Hannibal  shales. 
Louisiana  limestone. 

DeYonlan. 

Hamilton. 

Phelps  sandstone. 
Sac  limestone. 
King  limestone. 
Black  shale. 

Sllarlan. 

Ozark. 

First  Magnesian  limestone. 

First  sandstone. 

Second  Magnesian  limestone. 

Second  sandstone. 

Third  Magnesian  limestone. 

a— 4 
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GBOLOGIOAL  FOBMATIONS. 

SILURIAN. 

The  oldest  rooks  exposed  at  the  sarface  in  the  area  are 
the  Magnesian  limestones  which  have  been  referred  to  the 
Ozark  series.  In  the  extreme  northeastern  part  there  has 
been  recognized  on  the  Pomme  de  Terre  river  the  following 
section : 

FBET. 

6.  Limestone  magnesian  (First) BO 

4.  Sandstone  (First) 20 

5.  Limestone  magnesian  (Second) 10 

2.  Sandstone  (Second) 15 

1.  Limestone,  magnesian  (Third) ,  exposed 10 

The  exact  relation  of  these  beds  to  similarly  named  snc- 
oessions  in  other  parts  of  the  state  is  not  yet  definitely  known. 
For  this  reason,  without  referring  to  geological  age,  they  will 
be  referred  to  as  First,  Second  and  Third  limestones  and  sand- 
stones.  In  these  beds  but  few  fossils  have,  as  yet,  been  found, 
and  these  are  very  imperfectly  preserved  and  are  confined  to 
the  upper  part.  The  rocks  comprising  the  series  are  usually 
heavily  bedded.  In  many  places  they  are  highly  silicious,  and 
vary  in  composition  and  texture  from  highly  calcareous  cherts 
to  hard,  translucent  quartzite.  The  former  are  frequently 
oolitic,  the  chert  masses  being  usually  nodular  and  concretion- 
ary, with  mammalary  and  botryoidal  surfaces  which  are  covered 
with  drusy  quartz.  The  limestones  are  all  dolomites  and  vary 
from  thin  or  heavy  bedded,  highly  silicious  limerocks,  to  very 
compact,  fine- grained  dolomites  ( ^*  cotton  rock  "  ).  In  this  area, 
and  in  the  adjacent  territory,  a  decided  and  almost  regular  in- 
crease in  the  percentage  of  silica  and  the  tendency  toward  the 
quartzite  structure  is  noted  in  descending,  geologically,  toward 
the  granite.  The  upper  beds  are  more  magnesian,  and  softer 
in  texture.  On  account  of  the  almost  total  absence  of  fossils, 
the  determination  of  horizons  must  largely  depend  upon  posi- 
tion and  lithological  characteristics. 

Third  Magnesian  Limestone.  This  is  the  lowest  formation 
exposed  within  the  limits  of  this  area.  While  it  occurs  only 
at  one  point  in  the  northeastern  portion  of  Greene  county,  it 
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t>eoomeS|  jast  beyond,  the  most  prominent  formation.  The 
only  ascertained  ontorop  is  at  the  ford  on  the  Fair  Grove  and 
Elkland  road,  where  the  Pleasant  Hope  anticline  brings  it  to 
the  surface  in  the  bed  of  the  Pomme  de  Terre.  Aboat  twelve 
feet  are  exposed  from  the  bed  of  the  stream  to  the  bottom  of 
the  Second  sandstone  above.  The  ontorop  is  considerably 
hij^her  on  the  east  side  of  the  stream  where  a  quarry  has  been 
opened.  The  upper  beds  of  this  formation  on  the  west  side 
of  the  river  are  exposed  in  a  little  gorge  formed  by  the  water 
from  a  small  spring,  and  the  surface,  where  visible,  is  covered 
by  large  and  small  '^  pot-holes."  The  upper  six  feet  form  a 
rather  coarse-grained,  light  gray,  magnesian  limestone,  dis- 
tinctly marked  by  thin  layers  of  alternating  harder  gray  and 
softer  yellow  material.  The  rock  is  frequently  somewhat 
blotched  with  a  thin,  whitish  efflorescence.  The  lower  part  of 
the  exposure  is  somewhat  shaly,  seamed  and  fissured,  and  con- 
taines  much  chert  which  is  often  oolitic  in  structure.  The  lime- 
stone is  magnesian,  very  silicious,  hard  and  compact,  pinkish 
drab  in  color,  and  contains  minute  oval  cavities  and  crystals  of 
limpid  calcite.  On  the  east  side  of  the  Pomme  de  Terre,  the 
Adams  quarry  has  been  opened  in  a  beautiful  white,  fine- 
grained ^^  cotton  rock  "  of  this  formation.  No  fossils  have 
been  found  in  this  horizon. 

Second  Sandstone.  Of  the  three  points  at  which  this  sand- 
stone is  known  to  outcrop,  one  is  in  the  bed  of  the  Pomme  de 
Terre,  where  the  Third  limestone  already  mentioned  occurs. 
A  section  of  about  20  feet  is  exposed,  the  upper  three-fourths 
being  highly  ferruginous,  heavily  bedded,  generally  soft  and 
friable,  and  easily  broken  down  and  eroded.  It  is  somewhat 
variable  in  structure,  but  is  usually  coarse-grained  with  the 
stratification  lines  frequently  visible.  The  grains  themselves 
vary  in  texture,  shape  and  size  ;  some  are  limpid  quartz,  some 
stained  ferruginous  quartz,  while  thronghout  the  whole  mass 
are  found  occasional  milky  white  grains.  The  granules  are  all 
more  or  less  irregular  in  shape,  in  which  respect  they  differ 
from  the  grains  of  the  first  sandstone.  The  amount  of  cement- 
ing material,  which  is  calcareous,  is  considerable,  thus  giving 
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another  point  of  difference  between  the  rook  ander  discnssion^ 
and  the  First  sandstone.  The  lower  layers  of  the  bed  ar& 
coarse-grained,  distorted,  of  great  irregularity  of  composition, 
and  they  frequently  become  cherty.  They  weather  into 
strangely  varying  forms,  and  the  grains  are  somewhat  brec- 
ciated  from  the  presence  of  very  small  angalar  particles  of 
chert.  Frequently  the  ferrnginous  matter  is  so  abundant  as 
to  segregate  into  minute  particles,  which  form  dark  blotches 
on  the  surface  of  the  rock. 

Grossing  the  Pomme  de  Terre,  on  the  Elkland  road,  a 
small  branch  that  comes  in  from  the  north  is  followed  for  a^ 
short  distance.  On  the  east  side  of  this  branch  there  is  a 
bluff  of  the  Second  sandstone  with  a  thickness  of  35  to  40  feet. 
The  face  of  the  bluff  shows  false  bedding  and  ripple  marks. 
In  the  extreme  northeastern  corner  of  this  district  (Tp.  32  N.,. 
B.  XY  W.,  Sec  19)  at  the  headwaters  of  one  of  the  western 
branches  of  the  Niangua,  this  sandstone  outcrops  with  a  thick- 
ness of  about  20  feet.  The  third  and  last  point  at  which  this 
sandstone  outcrops  is  in  the  extreme  edge  of  the  area,  in  the 
middle  of  the  east  line  of  section  3  (Tp.  31  N.,  B.  XIX  W.),  on 
Gibbon  branch.  From  this  point,  down  the  branch  to  the  Nian- 
gua,  are  fine  bluffs  of  this  rock,  but  they  lie  outside  of  the  area^ 
herein  described.  Mr.  Woods,  who  has  sunk  a  large  number 
of  wells  in  this  region,  says  that  where  he  has  passed  through 
this  rock  it  rarely  exceeds  20  feet  in  thickness.  In  Tp.  31  N., 
B.  XIX  W.,  Sec.  9,  Nw.  i  of  Sw.  qr.,  in  a  well  sunk  for  Mrs. 
MoNab  to  the  depth  of  92  feet,  the  last  20  feet  were  in  sand- 
stone without  going  through  it.  This  formation  has  probably, 
a  uniform  thickness,  as  is  indicated  by  the  slight  difference  in 
the  points  before  referred  to.  The  Springfield  and  the  Leba- 
non drill* well  sections  give  a  thickness  of  32  feet  in  the  latter^ 
the  former  stopping  at  30  feet  in  this  sandstone. 

With  the  exception  of  some  obscure  fucoid  markings 
found  in  the  upper  beds  of  this  sandstone,  in  Tp.  ^1  N.,  B. 
XX  W.  Sec.  15,  Nw.  i  of  Sw.  qr.,  no  fossils  have  been  found 
in  this  horizon. 
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Second  lUaffnesian  Limestone.  With  the  exception  of  the 
northeaBtern  part  of  the  area,  this  formation  has  a  very  limited 
^istribation  in  the  territory  nnder  consideration,  and  at  no 
point  has  it  been  possible  to  obtain  a  complete  section.  The 
upper  or  lower  beds  ontcrop  in  many  sections,  bat  no  com- 
prehensive ontline  of  the  middle  beds  of  the  formation  as  a 
whole  can  be  given.  To  the  north,  and  particnlarly  to  the 
east  and  soath  of  the  district,  the  Second  Magnesian  thickens 
greatly,  reaching,  at  Lebanon,  in  Laclede  county,  a  thickness 
^f  over  400  feet,  as  given  in  the  carefally  prepared  section  of 
the  ^'  magnetic  well."  To  the  southeast  it  has  a  thickness  of 
nearly  500  feet.  At  the  power-house  of  the  Metropolitan 
Electric  railway,  at  Springfield,  a  carefally  kept  record  of  the 
drill-well  gives  but  90  feet  for  this  formation,  althoagh  another 
well  about  a  mile  north  of  the  first  named  gives,  with  some 
doubt,  aboat  130  feet.  While  the  formation  is  comparatively 
thin  in  the  vicinity  of  Springfield,  it  thickens  rapidly  to  the 
east  and  south.  Whenever  exposed,  this  rock  is  a  rather  soft 
(when  freshly  broken),  fine-grained,  compact,  grayish-white 
rather  thin-bedded,  dolomitic  limestone.  The  upper  beds  are 
usually,  though  not  always,  highly  silicious,  and  in  weathering 
exhibit  the  jagged  honeycombed  peaks  or  monument-like 
masses  similar  to,  though  on  a  far  larger  scale  than,  those  of  the 
First  Magnesian  limestones.  The  lower  beds  are  also  almost 
always  more  silicious  and  pitted  with  geode-like  cavities,  or 
honeycombed  by  weathering,  leaving  silicious  skeletons  in 
strangely  contorted  forms,  standing  up  in  places  in  jagged 
peaks  two  or  three  feet  high  and  so  close  together  as  to  make 
traveling  among  them  very  difficult.  Sometimes  they  merge 
into  the  Second  sandstone  through  cavernous,  cherty  and  con- 
cretionary beds.  One  or  two  layers  of  thin  sandstone  are  fre- 
quently intercalated  in  the  middle  beds,  and  usually,  also,  a 
variegated  blue  and  white  shale,  called,  in  the  mining  districts, 
the  ^*  soapstone  "  layer.  In  numerous  drill- well  sections  in  the 
northeast,  clay  openings  several  feet  in  width,  often  forming 
underground  waterways,  are  of  frequent  occurrence. 
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In  the  Boutlieastern  qaarter  of  the  area,  ezposnres  are 
confined  almost  wholly  to  Taylor  township  ( Tp.  29  N.,  B.  XIX 
W.)  and  only  a  small  portion  of  the  upper  beds  are  seen.  In 
the  walls  of  the  "  Devil's  Den,"  east  of  Henderson,  in  Webster 
county,  the  upper  layer  of  this  formation  is  about  15feetthi<dE, 
bluish  in  color,  ferruginous,  heavy-bedded,  chertyand  silicious, 
finely  sub-crystalline  and  occasionally  contains  small  cavities 
lined  with  calcite.  At  other  points  in  the  immediate  neighbor- 
hood, a  tendency  is  noted  in  the  abundance  of  the  silica  toward 
a  transition  to  the  cherty^  honeycombed  layers  so  character- 
istic in  the  north.  The  next  six  feet  underneath  are  a  buff- 
colored,  soft,  shaly,  ^'  cotton  rock,"  weathering  so  as  to  leave 
the  upper  layer  as  an  overhanging  ledge  and  breaking  with  an 
irregular,  columnar  fracture,  with  stratification  marks  plainly 
visible.  The  next  20  feet  are  crumpled,  porous,  dolomitio 
limestone.  The  succeeding  four  feet  below  are  soft,  magnes- 
ian  limerock,  weathering  out  and  leaving  the  layer  above  over- 
hanging. Then  follows  twenty  feet  of  heavy-bedded  stratum,, 
crumpled  in  places. 

In  passing  northward  from  the  last-mentioned  point,  the 
amount  of  silica  in  the  upper  layer  steadily  increases,  until  along 
the  east  bluff  of  the  Pomme  de  Terre  at  the  western  edge  of 
Webster  county,  especially  in  Tp.  31  N.,  B.  XIX  W.,  Sec.  31, 
there  are  honeycombed  beds.  In  places  these  rocks  present 
an  irregular,  jagged,  cherty  escarpment,  while  at  other  points 
massive  blocks  are  tumbled  over  the  surface  in  an  extraordi- 
nary manner.  The  resemblance  to  the  upper  beds  of  the  First 
Magnesian  limestone  is  very  striking,  the  chief  difference  being 
that  these  Second  Magnesian  blocks  are  larger,  more  irregu- 
larly distributed,  and  that  they  are  on  bluffs  and  slopes  rather 
than  in  glades.  They  are  also  more  cherty,  especially  tho 
lower  layers  resting  upon  the  Second  sandstone. 

In  striking  contrast  to  the  grotesque  masses  of  cherty 
limestone,  which  form  the  barren  sections  in  the  edge  of  Web- 
ster county,  there  is  found  on  the  west  side  of  Pomme  de  Terre, 
the  fine  farming  lands  of  Greene  county.  In  the  latter  county* 
the  long,  gentle  slope  towards  the  Pomme  de  Terre  seems  to- 
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be  dae  to  the  breaking  down  of  the  namerous  alternating  Sec- 
ond Magnesian  layers  of  unequal  thickness  and  texture  which 
are  beneath  the  upper  cherty  beds.  These  decomposing  beds 
form  a  warm,  rich,  grayish  soil,  not  very  well  adapted,  how- 
ever,  to  resist  drought.  The  curious  weathering  of  this  forma- 
tion is  also  seen  at  various  points  farther  north,  along  the  east 
side  of  the  Pomme  de  Terre,  and  on  the  upper  part  of  King 
branch  in  Tp.  31  N.,  B.  XXII  W.,  Sees.  29  and  35,  where  there 
is  a  small  castellated  bluff,  as  well  as  in  Tp.  31  K.,  B.  XXI  W., 
Sec.  2,  Ne.  qr.,  and  extending  through  Tp.  32  K.,  B.  XXI  W.9 
Sees.  35  and  26. 

On  the  Oowden  place,  near  Fair  Grove  (Tp.  31  N.,  B.  XX 
W.,  Sec.  29,  Se.  qr.),  a  shaft  was  put  down  to  a  depth  of  46  feet 
then  a  drill-hole  was  sunk  110  feet  farther,  giving  a  total  of 
156  feet  of  Second  Magnesian  limestone.  At  a  depth  of  35  feet, 
a  finely  banded  limestone  was  encountered,  the  thin,  irregular 
green  and  white  zones  presenting  a  handsome  appearance.  At 
100  feet  from  the  surface,  a  bed  of  soft,  white  rock,  15  feet 
thick,  which  resembled  ^'  soapstone,"  was  passed  through.  This 
soft  layer  is  quite  common  in  the  lower  middle  beds  of  the  Sec- 
ond Magnesian  in  Ohristian  county.  Two  miles  directly  west 
of  Fair  Grove,  on  the  west  side  of  Little  Pomme  de  Terre,  25 
feet  of  river-bed  conglomerate  are  found  overlying  the  Second 
Magnesian  limestone.  The  upper  layers  of  the  latter,  immedi- 
ately underlying  the  conglomerate,  are  made  of  a  very  fine- 
grained, hard,  light  gray,  heavily  bedded  ^*  cotton  rock  "  having 
a  thickness  of  about  10  feet.  The  next  three  or  four  feet  are 
thin- bedded,  shaley  flint,  showing  indistinct  bedding  planes,  and 
a  bluish  white  color.  The  lower  six  feet  are  irregular  masses 
of  thinly  bedded  magnesian  limestone,  somewhat  contorted 
and,  in  places,  silioioas  and  flinty.  The  last  layers  extend  be- 
low the  bed  of  the  stream.  About  one  mile  northeast  of  this 
section  (Tp.  3L  N.,  B.  XXI  W.,  Sec.  25,  Be.  qr.),  in  a  shaft  at  a 
point  about  15  feet  above  the  bed  of  the  Pomme  de  Terre,  a 
depth  of  135  feet  was  reached  without  passing  entirely  through 
the  Second  Magnesian  limestone. 
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Along  the  Dry  Sao,  near  a  sohool  house  ( Tp.  31  N.,  B. 
XXI  W.,  Sec.  23 ),  the  upper  beds  of  the  Second  Magnesian 
outcrop  in  the  stream  bed,  and  are  made  up  of  a  white,  highly 
silicious  limestone  which  gives  off  a  fetid  odor  when  struck. 
Good  outcroppings  also  occur  in  the  draws  running  into  King 
branch  near  its  head  ;  in  the  low  mural  bluffs  which  run  for 
some  distance  up  the  stream,  where  the  faulting  on  Pres- 
ley hill  raises  this  rock  to  the  surface ;  along  Asher  creek,  near 
the  Polk  county  line ;  and  along  the  western  bluff  of  the  Sac, 
by  Johnson  ford,  in  Tp.  32  K,  E.  XXIII  W.,  Sec.  29.  At  the 
last  locality  the  upper  layers  are  highly  silicious  and  shaly,  and 
are  overlain  by  the  First  sandstone.  Then  come  heavier  beds 
of  a  beautiful  grayish  limestone  filled  with  mottled  irregular 
cavites  containing  a  soft,  whitish  material.  South  of  the  water 
tank,  on  the  Bolivar  branch  of  the  St.  Louis  and  San  Francisco 
railroad,  a  small  outcropping  of  Second  Magnesian  occurs  in  a 
shallow  cut.  One  of  the  most  striking  exposures  of  the  Second 
Magnesian  in  the  area  is  a  beautiful  bluff  on  the  west  side  of 
the  Sac  river  on  the  Matherly  place  (Tp.  31  K,  B.  XXIII  W., 
Sec.  24 ).  It  is  a  vertical  wall  of  heavily  bedded  limestone 
about  500  feet  long  and  100  feet  high,  having  a  course  a  little 
north  of  west.  It  was  evidently  on  the  north  bank  of  an  old 
channel  of  the  Sac.  The  upper  portion  is  a  hard,  honeycombed, 
silicious  layer,  but  the  lower  is  softer  and  has  been  greatly 
eroded  by  the  stream,  so  that  there  is  now  left,  in  places,  an 
overhanging  ledge  which  is  sometimes  15  to  20  feet  wide. 
From  the  constant  drip  of  the  water  down  its  surface  a  peculiar 
bluish  drab  deposit  is  formed.  Several  curved,  round  caves 
run  into  the  bluff.  These  are  three  to  four  feet  wide  and  about 
as  high,  are  beautifully  rounded  and  arched,  and  mark  former 
underground  waterways.  A  number  of  prehistoric  mounds 
built  of  flat  stones  occupy  prominent  places  on  the  summit. 

Where  erosion  has  not  strongly  cut  into  this  formation,  a 
very  beautiful  rolling  upland,  with,  usually,  rich  and  fertUe  soil 
is  found.  An  exception  to  this  occurs  along  the  western 
border  of  Webster  county,  in  the  northeastern  portion  of  the 
area.    In  this  region,  the  eroded  and  weathered  upper  layers 
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give  to  the  ooantry  a  grotesqae,  ragged  and  desolate  aspect 
that  mast  be  seen  to  be  appreciated.  Where  the  streams  cat 
through  deeply  in  this  horizon,  beaatifal  blaff  scenery  is  found, 
which  differs  from  all  other  blaff  formations  in  this  area  in  be- 
ing rarely  precipitions,  the  irregalarity  in  the  texture  of  the 
beds  resulting  in  the  formation  of  benches  and  slopes,  rather 
than  sharp  precipices. 

No  fossils  of  any  kind  are  found  within  the  area  in  this 
horizon.  To  the  south,  in  Ohristian  county,  some  imperfect 
specimens  of  Straparollus  have  been  collected,  and  to  the  east 
a  few  shells  have  been  taken  in  a  railroad  cut  near  Mansfield. 
North  of  the  district  limits  and  east  of  Bolivar  a  number  of 
fossils  have  been  obtained.  As  an  ore  horizon  this  formation 
is  one  of  some  importance.  Oonsiderable  lead  has  been  taken 
out  of  the  mines  along  Panther  creek  and  to  the  south  in 
Ohristian  county.  Various  attempts  have  been  made  to  mine 
along  the  branches  of  Pomme  de  Terre  and  Sims  but  with  in- 
different success.  These  localities  will  be  mentioned  again  in 
another  connection.  Many  of  the  beds  of  this  formation  could 
be  utilized  for  building  purposes  as  well  as  for  the  manufacture 
of  lime. 

First  8and$tone.  This  sandstone  is  mainly  confined  to  the 
northeastern  portion  of  the  area  though  it  also  outcrops  along 
the  James  river.  It  has  a  maximum  thickness  of  45  feet  but 
varies  greatly  within  short  distances.  It  is  a  very  durable 
rock,  standing  out  prominently  and  forming  benches  and  over- 
hanging ledges  in  the  bluffs  of  streams.  WhUe  it  is  generally 
friable,  it  possesses,  to  a  high  degree,  the  power  to  resist  the 
elements.  In  color  it  varies  from  a  pure  white  to  a  yellowish 
brown  or  red.  This  coloration  is  due  wholly  to  the  presence 
of  iron  which  seems  to  have  penetrated  the  cementing  mate- 
rial without  in  the  least  affecting  the  grains.  The  latter  are 
almost  always  limpid  quartz.  The  cementing  material,  so  far 
as  it  has  been  possible  to  ascertain,  consists  of  lime  carbonate, 
an  extremely  small  amount  of  which  appears  to  hold  the  rock 
together.  In  the  east  and  southeast  the  upper  beds  are  cherty 
and  occasionally  fossiliferous.    The  chert  is  white,  chalcedonic, 
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somewhat  fragmental  in  stractnre,  and  merges  more  or  less 
insensibly  into  the  coarse-grained  and  usually  light  colored 
layers.  The  middle  and  lower  beds  here  are  harder,  more 
compact  and  much  darker  in  color.  Frequently  they  become 
very  much  indurated  almost  resembling  qnartzite.  Towards 
the  north  and  east,  where  the  beds  thin  out,  the  exposed  sur- 
faces are  covered  with  abundant  ripple  marks.  This  is  so  in 
other  places  also,  especially  along  the  Morrisvilie  road  and 
particularly  through  Birdeye  hollow  ( Tp.  31  N.,  R.  XXII  W., 
Bee.  20 ).  In  the  last-mentioned  locality  the  surface  of  eroded 
slabs  is  covered  with  peculiar  fucoid-like  markings,  the  ridges 
forming  irregular  rhomboidal  patches  or  net-like  meshes.  These 
ridges  are  usually  elevated  from  one-fourth  to  two-thirds  of 
an  inch  abjve  the  surface  of  the  rock  and  vary  greatly  in 
dimensions,  sometimes  enclosing  areas  two  to  four  inches  in 
breadth.  The  markings  decidedly  resemble  a  gigantic  hydro- 
dictyon,  or  water-net,  one  of  the  fresh  water  algae.  An  unu- 
sual variation  of  these  occurs  in  the  bed  of  Sims  branch,  Just 
east  of  the  Oash  house  ( Tp.  31  N.,  B.  XXI W.,  Sec.  32,  Ne.  i  of 
Se.  qr.)  but  this  peculiarity  has  never  been  noticed  elsewhere. 
A  thin  layer  of  the  sandstone  outcrops  in  the  bed  of  the  creek 
and  on  it  are  peculiar,  raised,  slightly  curved  markings  two  to 
three  inches  long  and  half  an  inch  thick  and  wide.  These  do 
not  form  meshes  but  run  somewhat  parallel  with  one  another. 
They  seem  to  be  made  up  of  obliquely  overlapping  joints  and 
stand  out  prominently  on  the  surface  of  the  rocks.  The  slabs 
appear  to  break  into  more  or  less  regular  rectangular  blocks. 
In  a  well  section  at  the  power-house  of  the  Metropolitan 
railway,  at  Springfield,  there  are  10  feet  of  this  sandstone  and 
it  is  very  soft,  white  and  friable.  At  the  Phelps  mines,  five 
miles  southeast  of  the  same  city,  it  appears  to  be  not  more 
than  two  feet  thick.  It  forms  the  bed  of  the  James  river  along 
nearly  its  entire  course  through  Taylor  township,  frequently 
extending  up  the  branches  for  some  distance.  In  Dallas  town- 
ship, just  east  in  Webster  county,  there  are  also  many  good  ex- 
posures. Several  sections  give  measurements  of  20  to  30 
feet  of  heavily  beeded,    coarse-grained    sandstone.    At   the 
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^'Devils  Den"  this  formation  shows  its  durable  character  by 
forming  an  overhangiog  wall  around  the  softer  and  more  easily 
decomposed  layers  of  the  Second  Magnesian.  North  of  Spriog- 
field,  the  first  exposures  are  found  at  Presley  hill  on  the  Bol- 
ivar road.  Here  the  block  faults  of  the  Oraydon-Northview 
monocline  elevate  the  first  aandatane  200  feet  above  its 
proper  position.  Swallow*  gives  the  foUowiug  section  at  this 
point : 

FEET. 

B.  Ferruginous  sandstone 65 

6.  Bncrinital  limestone 150 

i.  Chouteau  limestone 80 

3.  Vermicular  sandstone  and  shales 76 

2.  Lithographic  limestone 10 

1.  Saccharoidal  sandstone 12 

He  states :  ^^  On  the  road  from  Bolivar  to  Springfield  15  miles 
from  the  former  town,  in  Tp.  31  K,  R.  XX 1 1  W.,  Sec.  16,  I 
saw  fine  specimens  of  this  rock  (First  sandstone)  thus 
changed,  and  the  whole  more  distinctly  stratified  than  at  any 
other  place  observed." 

The  following  section  is  obtained  at  this  point : 

FEET. 

Lower  Burlington  chert  slope  20 

Chouteau  limestone 6 

Hannibal  sandstone  and  shale 40 

Sac  limestone 10 

Slope  of  First  sandstone 10 

Second  Magnesian 25 

Slope  of  First  sandstone 25 

Hannibal  shale 15 

Bidge  of  upper  Burlington  limestone 60 

Hannibal  slope 46 

Devonian 15 

First  Magnesian  (exposed  to  bed  of  Sac  river) 8 

The  extraordinary  position  of  the  beds  in  the  above  sec- 
tion, from  the  top  of  Presley  hill  to  the  bed  of  the  Sac,  is  due, 
as  before  stated,  to  the  series  of  faults  found  at  this  point 
along  the  Graydon-Northview  monocline.  There  is  no  de- 
posit of  ferruginous  sandstone  within  several  miles  of  this 
point,  though  a  few  scattered  blocks  are  found  in  Tp.  31 
N.,  B.  XXII  W.,  Sec.  34,  and  one  of  the  branches  of  the  old 
river  bed  passes  within  a  few  miles  of  the  section.     It  is 

*GeoL  Sur.  Missouri,  I.  and  II.  Ann.  Bepts.,  p.  118, 1855. 
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diffioalt  to  accoant  for  each  a  seotion  by  so  careful  an  observer 
as  Swallow.  It  is  probable  that  he  obtained  the  information 
from  some  observer  who,  possibly,  might  have  mistaken  the 
long  tilted  slope  of  the  Saooharoidal  sandstone  for  the  Ferrag- 
inoas  sandstone.  From  this  point  westward  there  is  a  more  or 
less  oontinaoas  stretch  of  First  sandstone,  reaching  an  nnnsnal 
thickness  along  Asher  creek  to  the  mqath  of  the  Sac.  On  the 
Irby  farm  (Tp.  31  N.,  E.  XXII  W.,  Sec.  21,  Nw.  qr.)  the  sand- 
atone  outcrops  in  a  number  of  places  and  dips  strongly  to  the 
northeast.  Immediately  west  of  the  Irby  house,  in  the  neigh- 
borhood road,  are  some  fine  exposures,  covered  with  ripple 
marks.  To  the  south,  on  the  West  Bend  road,  are  some  ex- 
posures in  the  bluff  along  Asher  creek.  At  this  point  the 
sandstone  attains  the  thickness  of  45  feet,  and  the  tumbled 
blocks  are  covered  with  ripple  marks.  For  several  miles 
fiouthward  along  the  creek,  and  especially  near  the  Oreene 
county  line  on  the  Gave  Spring  road,  is  probably  the  best 
location  in  the  region  to  study  the  formation.  The  heavy  beds 
form  bluffs  along  the  creeks  and  good  sections  are  shown  at 
many  points,  while  surface  exposures  are  abundant  in  the 
draws  that  cut  through  into  the  Asher.  The  sandstone  thins 
out  along  the  Big  Sac  in  the  northwestern  part  of  the  county. 
Just  south  of  the  water-tank  near  Graydon,  on  the  Bolivar 
branch  of  the  St.  Louis  and  San  Francisco  railroad,  is  one  of 
the  most  interesting  outcroppings  of  the  First  sandstone  that 
has  been  noted.  Near  the  track  for  some  little  distance,  the 
surface  of  the  ground  is  thickly  covered  with  great  loose  blocks 
from  two  to  three  feet  in  size.  The  sandstone  can  not  have  been 
more  than  six  feet  thick  at  this  place.  North  and  northwest  of 
this  place  it  covers  the  greater  part  of  the  region,  except 
where  the  streams  cut  through  into  the  Second  Magnesian,  and 
it  varies  from  a  few  to  30  feet  in  thickness. 

In  a  well  on  the  Heniphan  farm  north  of  Springfield  ( Tp. 
30  N.,  B.  XXI  W.,  Sec.  1,  Ne.  qr.)  the  First  sandstone  was 
reached  at  the  depth  of  30  feet.  To  the  north  and  northwest  of 
Presley  hill  the  First  sandstone  is  brought  to  the  surface  by  the 
faulting  and  thinly  covers  small  areas.    Along  King  branch  this 
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sandstone  caps  the  blaffs  and  forms  a  benoh  running  back  a 
short  distance  to  the  First  Magnesian,  alternately  becoming 
thin  and  thick  in  a  pecaliar  manner. 

Lead  is  foand  in  vertical  openings  only  sparingly  in  this 
formation,  and  in  one  sample  a  mass  of  sphalerite  was  imbed- 
ded. The  formation  is  not  recognized,  however,  as  an  ore 
horizon.  There  are  few  localities  in  the  area  in  which  this 
sandstone  is  pare  enough  for  glass-making.  For  chimneys,, 
foundation-walls  and  buildings,  when  sufficiently  indurated,  it 
is  widely  used  by  farmers  and  others.  For  plaster  it  is  unu- 
sually good  and  will  have  a  much  wider  use  when  transporta- 
tion facilities  are  better.  With  the  exception  of  the  upper 
cherty  beds  this  horizon  is  almost  wholly  destitute  of  fossilSi. 
Those  found  are  chiefly  casts  of  Murchisonia  and  Straparollus, 
and  were  obtained  in  Tp.  30  N.,  B.  XIX  W.,  Sec  26,  Se.  i  of 
Nw.  qr.  A  few  were  also  found  in  Tp.  31  N.,  R.  XX  W.,  Sec* 
32,  £i.  -^. 

First  Magneaian  Limestone,  This  formation  has  a  maximum 
thickness  of  100  feet,  but  varies  greatly  at  points  not  far  dis- 
tant from  one  another.  The  beds  are  much  attenuated  on  the- 
slopes  of  the  Springfield  divide,  but  reach  a  maximum  thick- 
ness in  the  extreme  southeastern  portion  of  the  district.  Owing^ 
to  the  soft  and  easily  decomposed  nature  of  the  beds  immedi- 
ately overlying  them,  it  is  almost  impossible  to  find  a  sharp  line 
of  demarkation  between  the  two.  The  upper  beds,  however, 
are  almost  invariably  highly  silicious.  The  silicious  and  calca- 
reous material  is  mixed  in  a  way  that,  in  weathering,  the  harder 
silicious  matter  which  is  left  gives  the  rock  a  honeycombed 
and  pitted  appearance  which  is  very  curious  and  striking. 

Owing  to  the  great  variation  in  texture,  erosion  frequently* 
leaves  these  beds  in  great  blackened  masses  which  cover  the 
surface  of  the  ground  for  long  distances.  In  other  places  the 
softer  matrix  is  removed  and  the  cherty  masses  are  smaller,, 
nodular  or  lenticular  in  shape,  varying  in  size  from  an  inch  ta 
a  foot  or  more  in  diameter,  and  covered  with  mammillary  and 
botryoidal  surfaces,  occasionally  drusy  with  quartz  crystals. 
Locally  these  masses  are  called  '^  niggerheads  "  or  '*  cornshell- 
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ers."  They  either  lie  loosely  on  the  exposed  bed-rook,  or  are 
partially  imbedded  in  the  poor,  ashy  soil  which  forms  many  of 
the  barren  post-oak  glades.  Sach  a  condition  is  well  exhibited 
over  the  top  of  a  broad  ridge  in  Tp.  3L  N.,  B.  XX  W.,  Sec.  21 
Sw.  qr.,  also  in  irregnlar  patches  from  this  place  to  Tp.  3L  N., 
B.  XXIII  W.,  Sec.  9.  At  this  last  point  is  fonnd  a  large  glade 
with  scant  covering  of  dwarf  grass  and  scrub  post-oak.  Be- 
sides the  smaller  masses  there  are  nnmerons  very  mnch  larger 
bowlders  forming  the  naclei  for  low,  conical  bosses,  which 
are  eight  to  fifteen  feet  in  diameter  at  the  base  and  aboat  two 
feet  high.  These  low  hnmmocks  have  frequently  been  mis- 
taken for  Indian  mounds  but  their  origin  is  evident.  From 
this  extreme  of  variation  in  texture  the  rocks  seem  to  merge 
into  a  more  characteristic  and  widely  distributed  form  toward 
the  south  and  north  where  the  beds  still  appear  highly  silicioust 
but  the  irregular  cavities  containing  the  less  indurated  matter 
are  very  much  smaller,  more  uniform  in  size  ( one-eighth  to  one- 
quarter  of  an  inch )  and  have  a  mottled  or  blotched  appear- 
ance. This  variety,  upon  weathering,  leaves  the  surface  cov- 
ered with  small,  pit-like  depressions. 

To  the  east  and  south  of  this  portion  of  the  district  the 
upper  beds  become  more  arenaceous  and  eventually  merge 
into  what  the  miners  call  the  sand-flint  layers — a  very  charac- 
teristic bed.  It  is  a  little  less  than  two  feet  thick,  although 
outside  of  the  area  it  is  reported  to  have  a  thickness  of  about 
twenty  feet.  The  *'  sand-flint "  is  very  hard  and  porous,  and 
weathers  in  extremely  rough,  irregular  rounded  masses.  Its 
cavities  are  lined  with  drusy  quartz,  and  it  is  highly  ferrugin- 
ous. Below  this,  in  the  mining  regions,  there  are  from  10  to 
30  feet  of  dolomitic  limestone  which  is  softer  and  less  silicious. 
It  is  similar  to  '^  cotton  rock,"  and  varies  from  white  to  yellow- 
ish in  color.  To  the  east  this  bed  contains  intercalated  layers 
of  chert.  It  frequently  merges  into  blue  chalcedonic  flint  or 
chert,  which  overlies  and  graduates  into  the  First  sandstone 
below.  At  other  points  it  becomes  much  more  crystalline  and 
silicious,  honeycombed  with  small,  irregular  cavities  which 
sparkle  in  the  sunlight  from  myriads  of  minute  quartz  crystals. 
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It  is  frequently  fossiliferoas.  In  the  mining  regions,  the  un- 
conformity between  this  horizon  and  the  First  sandstone  is  de- 
cided, and  is  represented  by  soft,  thin,  arenaceous  beds.  Where 
the  crevice  passes  through  this  unconformity,  what  is  called  a 
^  clay  opening ''  is  formed,  which  is  usually  rich  in  galena 
*^  chunk  mineral. "  This  is  well  illustrated  in  the  Hornbeak 
mines,  Tp.  27  N.,  R.  XIX  W.,  Sec.  2. 

Above  the  upper  honeycombed,  flinty  layer  there  is  found, 
in  some  places  in  the  southeastern  portion  of  the  area,  and 
beyond,  a  thick  bed  of  fine«grained,  compact,  magnesian  lime- 
stone with  delicate  parallel  lines  representing  bedding  planes. 
In  some  respects  this  rock  corresponds,  lithologically,  to  the 
King  limestone  of  the  Devonian,  but  it  is  more  probable  that 
this  deposit  is  either  an  upper  bed  of  the  First  Magnesian,  or 
that  it  belongs  to  an  horizon  between  this  and  the  Devonian. 
The  shafts  at  the  O'Haver  mines  ( Tp.  27  N.,  XIX  W.,  Sec. 
35,  Se.  i  of  Nw.  qr.)  pass  through  this  limestone,  the  follow- 
ing being  the  general  section  : 

FBBT. 

7.  Limestone  fine- grained ,  magnesian ,  **  cotton  rock' ' 36 

6.  Flint,  white H4 

6.  Flint,  sandj •••• iVt 

4.  Limestone,  spotted,  *' cotton  rock" 10 

8.  Limestone.  "Spotted  cap,"  heavj  ran  of  mineral 8 

2.  Limestone,  slllclous.  magnesian,  dark  reddish  to  yellow,  hard 

and  rather  coarse-grralned,  with  small  cavities 20 

1.    Sandstone,  Sacchoroldal  (exposed) 2 

No.  7  represents  the  doubtful  bed  referred  to.  Nos.  6  and 
5  form  the  sand-flint  layer  of  the  miners,  and  are,  without  much 
doubt,  the  equivalent  of  the  honeycombed  chert  layer  which 
forms  the  upper  bed  of  First  Magnesian  in  the  northern  part 
of  the  district.  Nos.  4  and  3  form  one  of  the  "  spotted  caps  " 
of  the  miners,  a  grayish  rock,  mottled  with  irregular,  whitish 
patches  of  slightly  softer  texture.  A  somewhat  similar  stratum 
is  found  in  the  Second  Magnesian.  The  *^  spotted  cap ''  layer  is 
looked  upon  by  the  miners  as  covering  richer  deposits  below.  At 
the  Hornbeak  mines,  Tp.  27  N.,  B.  XIX  W.,  Sec.  2,  in  the  lower, 
silicious,  porous  layer  of  this  horizon,  some  fine  specimens  of 
StraparoUus  occur.    The  shafts  pass  through  thin  intercalated 
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layers  of  blaish  blaok,  very  hard,  chalcedonic  flint,  in  the  beds 
above  the  sand-flint  layer.  At  the  month  of  the  Finley,  jnst 
outside  of  the  area,  the  bed  of  the  .James  river,  for  several 
miles  extending  up  beyond  Frazer's  ( Tp.  27  N.,  B.  22  W.,  Sec. 
29 )  is  composed  of  very  thinly  bedded,  almost  shaly  layers  of 
this  formation.  At  the  Phelps  mines,  already  referred  to,  is 
the  following  section : 

FBBT. 

12.    Phelps  sandstone 3 

11.  Limestone,  white,  slllcloas,  seamed  with  lines  of  whiter,  calca-  . 

reouB  material 14 

10.    Flint,  dark,  porous 2 

9.    Limestone,  white,  slUclous 4 

8.  Flint,  spotted,  coarsely  laminated,  containing  some  pyrites —  4 

7.  Limestone,  slllclous 1 

6.    Flint,  spotted,  shaly .*» 

6.    Limestone,  white  slllcloas 1 

4.    Flint,  with  small  pea-shaped  masses  of  black  chert 1}^ 

8 .  Sandstone ,  with  chert,  compact,  containing  fine  grains  of  sphal- 

erite and  pyrites 2 

2.    Sandstone,  white S 

1.  Shale,  finely  laminated,  alternating  layers  of  blue  and  white 

(exposed) 2 

No  II  represents  either  the  King  limestone,  or  the  doabt- 
fnl  horizon  before  referred  to.  Nos.  4  to  10  represent  the 
First  Magnesian.  Nos.  2  and  3  belong  to  the  First  or  Sac- 
charoidal  sandstone.  No.  1  is  the  upper  bed  of  the  Second 
Magnesian. 

On  the  northern  side  of  the  drainage  crest,  north  of  the 
Kite  farm  ( Tp.  30  N.,  E.  XIX  W.,  Sec.  19,  Sw.  qr.),  the  follow- 
ing  section  was  obtained  from  a  well : 

FBBT 

6.    Lithographic  limestone.  , 6 

4.    Phelps  sandstone 8 

8.  Sac  limestone  and  First  Magnesian,  probably  26  feet  of  the  latter  40 

2.  First  sandstone 9 

1.    Second  Magnesian 18 

On  the  west  end  of  Newton  monnd  ( Tp.  81  N.,  B.  XXI  W., 
Sec.  1,  Ne.  qr.)  the  First  Magnesian  is  exposed  to  a  height  of 
70  feet.  Ten  feet  of  the  npper  portion  of  this  represents  the 
hard,  flinty,  honeycombed  layer.  Exposures  also  occnr  along 
the  Sac  in  the  northeastern  corner  of  Bobberson  township, 
and  in  the  soathern  part  of  Looney  township,  in  Polk  county. 
The  upper  layers,  are  marked  by  peculiar  honeycombed  weath- 
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eriDg.  The  lower  layers,  where  exposed  along  Dry  Sao,  are 
reddish,  silicious  limestones,  which  emit  a  disagreeable  odor 
when  struck. 

In  only  a  few  localities  have  fossils  been  foand  and  these 
are  mainly  in  the  lowest  silicions  beds,  rarely  in  the  upper  lay- 
ers that  are  of  doubtful  position,  and  chiefly  extra-limital. 
Some  years  ago,  in  the  lower  beds  at  the  Phelps  mines,  some 
fine  casts  of  Straparollns  were  found.  An  abundance  of  the 
casts  of  the  same  form,  also  of  a  small  Murchisonia  and  a  few 
corals,  were  obtained  on  the  Kraemer  farm  ( Tp.  27  N.,  B.  XX 
W.,  Sec.  11,  Se.  qr.),  on  the  McOlelland  place  (Tp.  29  N.,  B. 
XIX  W.,  Sec.  8 ),  at  the  Johnson  and  Hornbeak  mines,  and  on 
the  Kite  land,  north  of  Strafford. 

DEVONIAN. 

A  hiatus  exists  between  the  Oarboniferous  and  the  Lower 
Silurian  formations.  The  Hannibal  shales,  from  their  loose 
texture  and  readily  decomposable  nature,  wash  down  and  form^ 
almost  invariably,  a  long  and  gentle  slope  or  terrace,  covering,, 
for  some  distance,  the  underlying  formations,  thus  making  it 
extremely  difficult  to  find  the  junction  between  these  shales 
and  the  underlying  beds.  It  is  rarely,  except  in  mine  or  well 
sections,  and  in  a  few  other  localities,  that  a  systematic  knowl- 
edge of  the  underlying  beds  can  be  obtained. 

There  has  been  much  confusion  in  trying  to  determine  the 
thin  beds  of  exceedingly  variable  rock  that  underlie  the  Han- 
nibal, and  rest  upon  the  First  sandstone.  Swallow,*  in  his 
report,  has  evidently  frequently  confused  his  Lithographic 
limestone  (Louisiana)  of  the  northern  counties,  which  he  notes 
as  widely  distributed  through  Polk  and  Greene  counties,  with 
the  beds  of  the  Devonian.  He  states,  in  the  same  report,  that, 
towards  the  south,  its  lithological  characters  so  change  that  it 
cannot  be  recognized  except  by  its  fossils  and  stratigraphical 
position.    This  statement  from  so  careful  an  observer  would 

*6eol.  Sur.  Missouri,  i  and  2  Ann.  Bepts.,  p.  106, 1855. 
O— 5 
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indicate  that  he  noted  a  difference  between  his  typical  Litho- 
fl^raphio  of  the  north,  and  this  sapposed  Lithographic  of  Greene 
connty.  Not  suspecting  the  formation  of  any  other  horizon 
between  the  First  Magnesian  of  the  Oalciferoas,  and  the  Ohon- 
tean  (Kinderhook)  formation,  and  having  no  opportnnity  to 
stady  the  fine  exposures  of  the  southwestern  part  of  the  area, 
it  is  natural  that  he  should  consider  the  Sac  limestone  of  the 
Devonian  as  a  local  modification  of  his  Lithographic. 

The  Louisiana  limestone,  it  will  be  noted,  is  rarely  present 
in  Greene  or  Christian  counties,  and  if  present,  occasionally 
merges  insensibly  into  the  Hannibal  shales  above,  thus  making 
it  extremely  difficult  to  separate  the  two.  A  similar  difficulty 
is  met  in  separating  the  First  Magnesian  from  the  beds  under- 
lying the  Hannibal  shales,  or  the  Louisiana  limestone,  where 
the  latter  is  present. 

It  will  be  noted,  in  the  Ohouteau,  that  a  remarkable  discol- 
oration and  impurity  characterize  its  deposits.  The  waters, 
during  the  deposition  of  the  Devonian,  as  well  as  the  Ohouteau, 
must  have  been  impure  and  turbid,  and  generally  unfavorable 
to  animal  life.  Hall*  calls  attention  to  a  similar  condition  in 
the  Hamilton  and  so-called  Ohemung  of  Iowa,  and  this  fact 
accounts  for  the  general  absence  of  fossils  in  the  limestones 
of  these  formations.  An  irregular  alternation  of  these  beds 
of  limestones,  sandstones  and  shales  will  be  noted,  indicating 
a  disturbed  condition  of  the  earth's  crunt  at  this  time,  in  an- 
ticipation, as  it  were,  of  the  unsettled  condition  of  the  strata 
which  occurred  during  the  deposition  of  the  coal  beds.  This 
is  very  striking,  after  the  long  periods  of  quiet  of  the  lower 
Silurian,  during  which  such  heavy  beds  of  limestone  were  laid 
down.  While  the  limestones  of  these  Devonian  beds  are  so 
generally  destitute  of  animal  remains,  the  shales,  locally,  are 
rich  in  fossils,  as  will  be  hereafter  seen.  This  condition  is  also 
briefly  noted  by  Hallf. 

^Geology  Iowa,  vol.  1.  p.  88, 1859. 
tlbld,  p.  86. 
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The  following  horizons*  have  been  fully  synchronized  in 
this  area  and  adjoining  connties.  The  following  is  a  generalized 
section : 

PhelpB  sandstone 0     to  4  feet 

Sac  limestone 1     to  18  feet 

King  limestone 1     to  16  feet 

Eureka  or  Black  shale ^!2  to  Sfeet 

Eureka  Shale,  The  Black  shale  forms  the  base  of  the 
Devonian  in  this  area,  and  ordinarily  rests  directly,  with  con- 
siderable anconformity,  upon  the  First  Magnesian  limestone. 
In  some  places,  particularly  in  the  southern  and  southeastern 
portions  of  the  district,  and  extra-limital,  toward  the  south  and 
fiOQtheast,  there  are  strong  reasons  for  suspecting  that  the  gap 
between  the  Oalciferous  and  the  Devonian  may  contain  some 
representations  of  the  Upper  Silurian  or  Lower  Devonian,  and 
that  this  hiatus  may  not  be  so  great  as  heretofore  supposed. 
A  careful  study  of  the  outcrops  along  the  lower  James  and  its 
tributaries  will,  undoubtedly,  throw  light  upon  this  subject. 

The  above  name  is  given  to  this  formation  because  of  the 
highly  carbonaceous  condition  of  the  rooks.  The  best  expos 
ures  of  these  beds  are  found  along  the  banks  of  the  James 
river,  particularly  near  the  Frazer  house  ( Tp.  27  N.,  B.  XXII 
W.,  Sec.  29).  From  the  ford,  at  the  house,  nearly  to  the  shafts 
of  the  Delaware  mining  company,  along  the  east  bank  of  the 
river,  the  outcrops  of  this  stratum  show  a  thickness  of  from 
three  to  four  feet.  The  middle  portion  of  the  shale  is  bluish- 
black,  somewhat  carbonaceous,  soft,  and  fossiliferous,  con- 
taining numerous  well-preserved  shells  of  Lingnla  (probably 
L.  suhepatula)^  and  casts  of  Leiorhynchus,  which  the  miners 
call  ^'coon  tracks,"  all  of  which  are  typical  Ohemung  and 
Maroellus  fossilsf.  The  lower  layers  hold  many  fragmental 
plants,  calamites  being  the  most  common.  Iron  pyrites  is  also 
abundant,  and  is  believed  by  the  prospectors  to  be  rich  in 
silver,  an  idea  which,  it  is  needless  to  say  here,  is  wholly  a 
delusion.    The  bottom  of  the  shale  merges,  through  a  thin 

*The  names  given  to  these  beds  are  merely  for  convenience  of  description, 
and  the  horizons  are  somewhat  fully  dwelt  apon  here  for  the  benefit  of  future 
students  of  this  area. 

fSee  article  by  H.  8.  Williams  in  Amer.  Jour.  Science,  Feb. ,  '85,  in  which  Is 
discussed  the  range  of  some  DevoTiian  fossils  in  rocks  of  the  Carboniferous  age. 
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seam  of  irregalar  bedded,  rather  fiDe-grained,  blaishgray 
sandstoDe,  filled  with  minate  partioles  of  pyrites,  and  thirty-six 
inohes  of  dark,  highly  silicioas,  oarbonaceons  limestone,  into 
a  shaly  mottled,  grayish-green  limestone  whioh  immediately 
overlies  the  First  Magnesian  limestone.  The  shale  weather 
into  an  ash- colored  olay.  The  abundance  of  pyrites  in  the 
apper  and  lower  layers  calls  attention  to  Saffords  mention  of 
a  similar  oocnrrance  in  the  black  shale  of  Tennessee*.  The 
similarity  of  this  shale  to  those  jast  mentioned  is  very  strik- 
ing, and  sufficient  to  indicate  a  strong  probability  of  their 
eqaivalency.  The  same  author  notes  ( p.  331 )  the  occurrence 
of  similar  fossils  in  that  state,  and  also  speaks  of  the  fetid, 
fine-grained,  bituminous  sandstone,  from  a  few  inches  to  15 
feet  in  thickness  lying  just  below  the  Black  shale.  Whitney  f 
notes  the  characteristic  presence  of  nodules  of  iron  pyrites  in 
the  black  shale  of  IllinoiB  and  the  occurrence  of  the  fossil 
Lingula,  closely  resembling  the  L,  suhspatula^  which  seems  to 
confirm  its  identity  with  the  Genessee  of  New  York.  Thus, 
from  position,  similarity  of  structure  in  the  beds,  and  fossil 
remains,  the  conclusion  is  reached  that  the  Eureka  shale  in 
this  district  is,  undoubtedly,  the  equivalent  of  the  Black 
shale  of  Tennessee.  SimmonsI  places  the  Eureka  shale, 
doubtfully  in  the  Devonian.  A  study  of  the  area  between 
Greene  county,  Missouri,  and  Washington  county,  Arkansas, 
has  indicated  the  undoubted  equivalency  between  the  Black 
shale  of  this  district  and  the  Eureka  shale  of  that  state. 
Branner  states,  in  a  footnote  on  p.  26  of  the  same  report,  the 
following :  ^'  The  Eureka  shale  is  the  same  as  the  Black  shalA 
of  Safford  in  Tennessee."  It  is  referred  by  him  to  the  Devonian^ 
but  the  fossils  found,  both  in  the  Tennessee  bed  and  in  the 
Eureka  shale  of  Arkansas,  do  not  necessarily  place  this  shale 
in  the  Devonian,  but  would  as  readily  admit  of  its  belonging 
to  the  lower  OarboniferouB.§ 

^Geology  Tennessee,  p.  329. 1869. 
tGeol.  Sar.  Illinois,  vol.  l,  pp.  119-120, 1866. 
tGeol.  Sar.  Arkansas,  Ann.  Kept.  1888,  vol.  iv,  p.  36, 1891. 
§  A  careful  study  of  the  beds,  both  In  Tennessee  and  Soothwestem  Mlssonrt, 
since  the  above  was  written,  has  confirmed  this  view. 
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A  careful  tracing  ont  of  the  formations  from  Missouri 
floathward  into  Arkansas  indicates  the  equivalency  of  the 
Boone  chert  and  cherty  limestone  of  Branner  with  the  Angnsta 
limestone  of  Missoari.  In  Tennessee,  the  Black  shale  directly 
underlies  the  lower,  or  Protean,  member  of  the  Silicions  group 
of  Safford,*  which  he  considers  the  probable  equivalent  of 
the  Keokuk  or  upper  Burlington  of  Missouii.  In  a  section 
in  a  qnarry,  near  the  Perry  House  at  Eureka  Springs,  are  found 
about  10  feet  of  crumpled  carbonaceous  shale  ( Eureka  shale ), 
underlying  about  20  feet  of  what  was  determined  to  be  Ohou- 
teau  limestone.  This  last  limestone  was  directly  under  the 
marble  beds  which  have  been  traced,  in  their  transitions,  from 
the  lower  Burlington  of  Missouri.  It  was  noticed  that,  in 
Washington  county,  the  Eureka  shale  underlaid  the  Boone 
^hert,  or  lower  Burlington.  At  Eureka  Springs,  the  Eureka 
shale  underlies  the  Ohouteau,  and  in  Tennessee  the  Black  shale 
underlies  what  is  probably  the  equivalent  of  the  upper  Bur- 
lington limestone.  In  Missouri,  the  Eureka  shale  is  separated 
from  the  Ohouteau  and  lower  Burlington  limestone  above  by 
several  well  defined  and  widely  distributed  horizons,  directly 
separated  from  the  Ohouteau  by  the  Phelps  sandstone,  contain- 
ing an  abundance  of  coprolites  and  fish  teeth,  which  have  been 
noted  at  a  large  number  of  points  and  over  a  wide  area,  and 
which  are  characteristic  fossils  of  the  Hamilton,  certainly  of 
the  Devonian  system.  There  can  be  but  little  doubt,  then,  that 
these  three  shales  are  all  Devonian. 

There  seems  to  be  no  regularity  in  the  distribution  of 
the  Eureka  shale.  By  far  the  best  location  for  its  study  is 
near  the  southwestern  corner  of  the  area,  on  the  James,  at  the 
Frazer  place  (Tp.  27  N.,  R.  XXII  W.,  Sec.  29,  Se.  qr.)  It 
apparently  disappears  east  of  this  point,  and  is  either  replaced 
by  a  highly  silicions  or  cherty  limestone  which  is  somewhat 
shaly,  as  seen  in  the  shafts  of  the  numerous  mining  camps  in 
Tp.  26  N.,  B.  XIX  W.  ( extra-limital ),  or  else  it  is  entirely 
unrepresented,  and  the  deposits  in  this  region  belong  to  the 
King  limestone.    Sections  in  the  Hoinbeak  mining  camp,  in 

^Geology  Tennessee,  p.  338, 1869.  par.  874.  and  p.  342.  par.  886. 
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the  southern  part  of  Tp.  27  N.,  B.  XIX  W.,  which  are  some- 
what similar  to  the  sections  of  the  township  to  the  soath,  will 
be  given  and  discussed  when  the  mines  of  that  locality  are  con- 
sidered. To  the  sonthwest  of  the  deposit  at  the  Frazer  place, 
throaghoat  the  whole  of  sonthwestern  Missouri  and  north-% 
western  Arkansas,  as  far  as  observation  has  gone,  these 
shales  are  well  exhibited  wherever  erosion  has  cut  through 
to  them,  and  they  increase  considerably  in  thickness  to  the 
south  and  west. 

Penrose*  states  that  overlying  the  Silurian  formation  in 
the  Batesville  region  of  Arkansas,  there  is  a  deposit  of  very 
irregular  distribution  and  thickness,  varying  from  nothing  to  30 
or  40  fee t^  ^' of  a  yellowish-brown  or  gray,  earthy  sandstone, 
often  containing  green  or  black  layers. "  These  deposits,  par- 
ticularly the  shale,  are  developed  on  a  much  larger  scale  to  the 
west,  and  are  described  under  the  name  of  ^^  Sylamore  "  sand- 
stone. Williams  supposes  them  to  be  the  equivalent  of  the 
Black  shale  of  Tennessee. 

In  the  northeastern  part  of  the  area,  in  a  well  sunk  on  the 
Mitchell  farm  ( Tp.  30  N.,  B.  XIX  W.,  Sec.  9,  Sw.  i  of  Ne.  qr.)» 
six  feet  of  bluish  shale  were  passed  through,  overlying  10  feet 
of  First  sandstone.  The  well  was  sunk  95  feet  further  in  Sec- 
ond Magnesian  limestone.  To  the  north  and  northwest,  no  out- 
crops are  found  until  the  section  at  Presley  hill  is  reached, 
near  the  southeast  corner  of  Tp.  31  N.,  B.  XXII  W.,  Sec.  19. 
Here,  in  a  gaily  to  the  east  of  the  road  and  about  200  feet 
south  of  the  ford,  overlying  the  First  Magnesian  limestone^ 
which  forms  the  bed  of  the  Sac,  are  found  Ave  inches  of  a  black 
to  yellowish  shale,  weathering  to  a  very  tenacious  clay,  which,, 
upon  drying,  tends  to  break  into  more  or  less  prismatic  blocks. 
As  these  clayey  shales  directly  underlie  the  King  limestone 
they  are,  undoubtedly,  the  equivalent  of  the  shales  now  under 
discussion,  though  no  fossils  were  found.  It  is  qaite  probable 
that  these  shales  have  a  much  wider  distribution  to  the  north- 
west, north  and  east,  but,  owing  to  their  destructible  nature 
and  the  fact  that  they  nowhere  have  a  thickness  of  more  than 

*Geol.  Sar.  Arkansas,  Ann.  Rept.  1890»  vol  I,  p.  114,  1891. 
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two  to  six  feet,  they  at  present  are,  nndoabtedly,  oovered  by 
the  slope.  Whenever  more  drill-wells  are  pat  down,  more 
data  can  be  obtained.  On  the  Gash  farm  ( Tp.  31  K,  B.  XXI 
W.,  Sec.  32,  Sw.  qr.)  in  a  shaft  sank  in  the  blnlF  close  to  Sims 
branch,  a  very  pecnliar  variation  of  what  was  determined  as 
these  shales  was  found.  Abont  six  to  eight  inches  of  a  blnish- 
green  shale  outcrops  over  the  First  Magnesian  limestone.  This 
shale  containes  a  large  number  of  oval  and  rounded,  water- 
worn  pebbles,  half  an  inch  in  diameter,  and  composed  of  very 
hard  agatized  chert.  Five  hundred  feet  to  the  northwest,  on 
the  slope  of  a  rounded  knob,  a  shaft  was  sunk  to  the  depth  of 
35  feet,  and  then  abandoned.  This  shaft  first  passed  through 
a  few  feet  of  the  lower  layers  of  Hannibal  shale.  The  dump 
was  covered  with  fragments  of  Sac  limestone,  and  the  material 
last  taken  out  was  identified,  without  much  doubt,  as  Black 
shale. 

King  Limestone.  The  name  given  to  this  formation  is  not 
indicative  of  any  local  peculiarities  at-this  particular  point.  In 
this  area  it  is  very  thin,  and,  like  the  Phelps  sandstone,  usually 
covered  by  soil.  It  is  rarely  over  a  foot  or  two  in  thickness, 
except  outside  and  south  of  the  area.  No  fossils  of  any  kind 
have  been  found,  and  it  has  only  been  determined  by  position 
and  lithological  characters,  the  latter  being  sufficiently  distinc- 
tive to  make  it  easily  recognizable  in  mine  sections,  or  where- 
ever  exposed.  Tumbled,  decomposed  blocks  are  not  uncom- 
mon in  ravines  and  creek  beds,  though  it  is  often  difficult  to 
trace  them  to  their  original  positions.  This  limestone,  the 
"cotton  rock"  of  the  miners,  is  soft,  very  fine-grained,  com- 
pact, of  a  light  ashy  gray  color,  and  in  all  cases  thus  far  ob- 
served, made  up  of  thin,  frequently  very  thin,  alternating  lay- 
ers of  hard  and  soft  material,  the  dolomitic  and  more  calcareous 
limerock  forming,  on  its  weathered  surfaces,  narrow  ridges  and 
grooves  representing  successive  laminae.  This  frequent  alter- 
nation in  composition  greatly  facilitates  rapid  decomposition  of 
the  strata.  In  sueh  cases,  it  is  likely  to  be  confused  with  very 
similar  beds  of  the  First  and  Second  Magnesian  limestones,  and 
can  then  only  be  determined  by  position.    In  other  cases,  this 
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rock,  where  weathered,  presents  extremely  delicate  lines  and 
streaks  which,  onder  the  microscope,  and  occasionally  to  the 
naked  eye,  exhibit  the  minnte  dendritic  markings  of  manganese 
dioxide.  This  rock,  as  one  would  expect,  as  the  dolomitic  lime- 
stones of  the  Oalciferoas  are  approached,  contains  a  larger 
amount  of  magnesia.  White*  has  called  attention  to  the  abund- 
ance of  magnesia  in  the  Silurian^  and  the  gradually  diminishing 
amount  in  the  Devonian  age,  the  limestones  of  the  latter  being 
composed  ^Mn  part  of  magnesian  strata  and  in  part  of  common 
limestone.''  Thus  the  King  limestone  seems  to  form  a  bed  of 
passage  from  the  purer,  deep  sea  limestones  of  the  Oalciferous 
to  the  impure  deposits  of  the  upper  Devonian  and  Ohonteau 
above,  which  were  formed  in  more  or  less  turbid  waters.  Oc- 
casionally, as  in  the  outcrop  in  the  gully  at  the  foot  of  Presley 
hill  (Tp.  31  N.,  R.  XXII  W.,  Sec.  16,  Ne.  qr.),  this  rock  merges 
into  a  light,  whitish,  impure  clay.  Of  all  the  formations  rep- 
resented in  the  Southwest,  there  is  none  that  decomposes  and 
breaks  down  so  rapidly  as  this  limestone.  Disintegrating  and 
washing  out  from  beneath  the  overlying  Sac  limestone,  it  leaves 
that  horizon  overhanging  and  forming  a  low  escarpment  along 
the  gullies  and  streams  that  cut  through  it.  Lithologically, 
this  rock  seems  to  agree  somewhat  with  Shumard'sf  descrip- 
tion of  the  Onondaga  limestone,  with  the  exception  of  posi- 
tion and  the  intercalations  of  chert  and  cherty  concretions 
found  in  the  latter.  Swallowf  also  notes  the  bluibh-green  col- 
orations sometimes  found  in  the  Onondaga  limestone.  It  is 
far  more  prob&ble,  however,  that  this  formation  is  a  member 
of  the  Hamilton. 

This  formation,  in  the  northern  and  eastern  portions  of  the 
area,  almost  invariably  underlies  the  Sac  limestone,  as  far  as 
observed.  To  the  south,  where  it  usually  outcrops  along  the 
James  and  the  tributaries  that  cut  through  this  limestone,  it 
underlies,  directly,  the  Phelps  sandstone,  the  Sac  limestone 
being  absent.    Here  it  rapidly  thickens,  increasing  outside  the 

•oeology  Iowa,  vol.  I,  p.  185, 1870. 

tGeol.  Survey  Missouri,  I  and  II  Ann.  Repts,  p.  107, 1855. 

Ilbld,  p.  108. 
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area  toward  the  south.    It  is  absent,  however,  at  the  shafts  of 
the  Delaware  mtniog  oompaDy,  near  Frazer's. 

At  the  Newton  moand,  there  is  an  oatcropping  of  aboat  8 
to  10  feet  of  this  limestone,  typical  in  straotare  and  general 
lithological  charaoteristics.  Tambled  blooks  are  seen  all  along 
the  slope,  and  oocasionally,  in  the  more  abrapt  portions  of  the 
slope,  the  bedded  limestone  may  be  seen.  Between  the  Sac 
limestone  and  this  formation  there  are  about  5  feet  of  hard, 
fine-grained  sandstone,  in  two  beds.  In  places  this  sandstone 
shows  stratification  marks,  or  thin  bedding  planes,  and  merges, 
insensibly,  below,  into  the  King  limestone,  forming  a  bed  of 
passage  between  this  and  the  silicious  Sac  limestone  above. 
Its  presence  is  also  inferred  from  a  few  broken  blocks  on  the 
slope  of  Goodnight  mound  (Tp.  31  N.,  B.  XXI  W.,  Soc.  2,  Nw. 
qr.)  It  probably  underlies  the  Sac  limestone  in  the  Oowden 
mound  ( Tp.  31  N.,  B,  XXI  W.,  Sec.  9,  Se.  qr.  of  Sw.  qr.),  as  it  is 
80  uniformly  found  in  this  area.  It  may  also  be  seen  in  Tp.  32 
N.,  B.  XXIII  W.,  Sec.  36,  in  a  dry  branch  extending  north 
from  the  ford  at  the  Sac.  It  thins  out  rapidly  in  this  direction, 
and  in  a  section  obtained  (in  Tp.  31  N.,  B.  XXIII  W.,  Sec.  1, 
Se.  qr.  of  Ne.  qr.)  it  seems  to  be  almost  wholly  replaced  by  3 
feet  of  soft  sandstone,  separated  from  the  Sac  limestone  above 
by  a  one-foot  bed  of  a  soft,  silicious  limestone.  The  block 
faults  near  the  foot  of  the  Bird  Eye  hollow  expose,  at  various 
points  on  the  stream,  the  wreckage  of  this  horizon.  The  same 
condition  appears  in  the  Presley  hill  faults.  This  formation 
may  also  be  studied  at  the  following  points:  At  the  Johnson 
mines,  Tp.  30  N.,  B.  XX  W.,  middle  of  Sec.  29;  at  various 
points  along  the  head  of  Sims  branch,  in  the  southeastern  part 
of  Tp.  31  N.,  B.  XXII  W.,  Sec.  32;  on  King  branch,  in  the 
southern  part  of  Tp.  31  N.,  B.  XXII  W. ;  especially  at  King 
mound,  in  the  northeast  of  Tp.  31  N.,  B.  XXII  W.,  Sec.  27,  in 
the  gullies  that  have  been  washed  out  around  the  base  of  the 
mound ;  along  the  bluff  on  the  west  side  of  the  Sac,  south  of 
the  Johnson  mines  (Tp.  32  N.,  B.  XXdl  W.,  Sec.  29);  and 
in  the  Hornbeak  mines  (Tp.  27  N.,  B.  XIX  W.,  Sec.  36 ),  where 
numerous  shafts  have  passed  through  it  and  the  dumps  are 
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foand  oovered  with  broken  blooks  having  the  characteristic 
stractnre. 

The  readily  decomposable  natnre  of  this  rook  is  well 
illastrated  in  the  blnlF  along  the  Sao  sonth  of  the  Johnson 
ford  (Tp.  32  N.,B.  XXIII  W.,  Sec.  29).  Here  the  Sac  lime- 
stone from  its  darable  nature,  forms,  in  places,  a  bench  or 
protruding  shelf  along  the  river.  Locally,  at  several  points, 
seepage  springs  from  above  have  washed  down  and  replaced 
the  eroded  King  limestone  by  a  secondary  deposit  of  calcareous 
tufa,  containing  numerous  land  shells  of  the  genera  Helix  and 
Pupa.  This  rock  would  probably  form  an  excellent  hydraulic 
lime,  similiar  to  that  made  from  the  beds  of  the  Devonian  oc- 
ouring  in  so  many  places. 

Sao  Limestone.  But  little  unconformity  exists  between 
this  layer  and  the  Phelps  sandstone  above.  Occasionally  a 
thin  layer  of  clay,  which  has  been  noted  only  in  one  or  two 
mine  sections,  marks  the  separation  which  is  usually  indicated 
only  by  a  slight  irregularity  of  surface.  The  typical  rock  out- 
crops at  various  points  along  the  Sac  river  and  its  branches — 
hence  the  name.  It  is  also  well  exposed  along  the  bluffs  of 
Panther  creek,  in  Webster  county.  Ic  is  a  very  handsome 
rock,  and  where  the  layers  are  thick  enough  and  free  from 
pyrites,  would  form  a  very  durable  building  stone,  as  it  with- 
stands weathering  well.  It  is  a  massive,  purplish-gray  or  drab 
magnesian  limestone,  mottled  with  irregular  patches  of  a  faint 
greenish  tinge.  In  texture  it  is  very  compact  and  crystalline, 
the  blow  of  the  hammer  leaving  a  bruised  mark  on  the  broken 
fragment  similar  to  that  left  on  the  lower  Burlington  limestone. 
Frequently  there  are  minute,  irregular  cavites,  and  locally  a 
stylolitic  layer  occurs.  Where  this  is  present,  fossils  should 
be  carefully  looked  for.  This  member  is  rarely  more  than  ten 
feet  thick,  and  averages  from  four  to  eight  feet.  In  some 
localities  it  is  extremely  hard  and  more  crystalline,  in  which 
cases  the  small  cavites  already  referred  to  are  considerably 
larger  than  ordinary.  In  places,  particularly  in  the  north- 
eastern quarter  of  the  area,  the  layers  contain  much  iron 
pyrites,  frequently  in  large  cubical  crystals  or  in  irregular 
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crystalline  masses.  In  sach  cases,  where  weathered,  the  rock 
is  filled  with  ^^  pot-holes,"  and  is  covered  with  large  dark 
blotches  from  the  decomposition  of  the  pyrites.  This  is  especi- 
ally noticeable  in  Tp.  32  N.,  R.  XX  W.,  Sec.  24, in  the  "  draws  " 
that  enter  the  headwaters  of  the  Pomme  de  Terre.  Locally,  the 
limestone  becomes  cherty,  containing  layers  or  masses  of  a 
very  hard,  bluish,  chalcedonized  and  agatized  chert,  and  also 
merges  rapidly  into  a  softer,  ferrnginons  and  porous  variety. 

This  formation  seems  to  be  generally  absent  in  the  south 
half  of  the  area,  except  along  Panther  creek,  and,  doubtfully, 
in  the  drill-well  section  at  Springfield.  In  the  north  half  of 
the  area  it  is  the  most  ^striking  and  characteristic  horizon  of 
the  Devonian  beds.  The  rock  is  very  durable,  and  forms  a 
foundation  for  the  Hannibal  slope,  thus  making  a  br.oad  ter- 
race. Where  erosion  has  cut  through  from  the  lower  Burling- 
ton above,  and  to  the  Oalciferous  below,  in  bluffs,  and  particu- 
larly in  mounds,  there  exists  a  system  of  double  terraces  which 
form  very  striking  features  in  the  scenery.  In  such  cases  are 
seen  the  more  or  less  abrupt  lower  Burlington  slope,  a  narrow 
Ohouteau  terrace,  a  long  and  gentle  Hannibal  slope,  and  the 
broad  Sao  limestone  terrace.  The  best  example  of  the  single 
terrace  is  found  at  King  mound  { Tp.  31  N.,  B.  XXII  W.,  Sec. 
27,  Ne.  i  of  Ne.  qr.,)  where  there  is  a  fine  mound  of  circum- 
denudation — a  flat  top  of  Hannibal  sandstone  protecting  the 
shales  beneath,  giving  an  abrupt  slope  to  the  encircling  ter- 
race, which  is  100  to  150  feet  broad.  An  outer  circle  of  First 
Magnesian  limestone  forms  a  second  incomplete  terrace.  Other 
fine  examples  may  be  found  along  Sims  branch  ( Tp.  31  N.,  B. 
XIX  W.),  and  the  water  of  the  Sac  in  the  same  township  and 
range.  An  example  of  the  double  terrace  may  be  found  in  the 
bluff  on  the  west  side  of  Sac  river,  in  Tp.  32  N.,  B.  XXIII  W. 
Here  is  a  good  exhibition  of  erosion  from  the  upper  Burling- 
ton through  to  the  Second  Magnesian  formation. 

Other  interesting  points  for  the  study  of  this  formation 
are  at  Newton  mound  ( Tp.  31  N.,  B.  XXI  W.,  Sec.  1,  N.  i  of 
Ne.  qr.)  where  the  10  feet  or  more  of  rock  presents  a  very 
beautiful  sparkling  appearance,  of  bluish-gray  color,  with  a 
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purplish  tinge,  very  fine-grained,  hard  and  oompaot ;  along 
Presley  hOl,  on  the  Bolivar  road  ( Tp.  31  N.,  B.  XXI  W.,  Sec. 
16,  Xe.  qr.),  near  the  ford,  on  both  sides  of  the  Sac,  especially 
near  the  school  house ;  at  several  places  where  the  Graydon- 
Northview  articline  is  broken  into  block  faults ;  also  on  the 
soQthem  slope  of  the  Morrisville-Brighton  fold  on  the  Bolivar 
road  ( Tp.  31  N.,  B.  XXII  W.,  Sec.  36 ),  where  the  following  sec- 
tion shows  great  variation  in  this  Devonian.  Under  10  feet  of 
Loaisiana  limestone  are  found  2  feet  of  slope,  either  represent- 
ing unconformity  or  Phelps  sandstone.  No  blocks  of  the  sand- 
stone were  found,  although  careful  search  was  made  for  them. 
First  came  4  feet  of  more  or  less  stratified,  weathered,  very 
compact,  fine-grained,  hard,  silicious  limestone,  bluish-drab  in 
color  with  a  faint  purplish  tinge,  the  surface  of  which  was 
deeply  grooved  by  erosion  to  a  depth  of  6  to  8  inches  in  irreg- 
ular lines,  presenting  a  very  remarkable  appearance.  Next 
came  1  foot  of  softer  material,  exposed  only  in  the  ditch,  and 
elsewhere  covered  by  a  long  slope,  probably  representing  the 
King  limestone.  Then  3  feet  of  white,  soft,  arenaceous  sand- 
stone, covered  by  a  thin  layer  of  silicious  limestone.  The  6 
feet  from  here  to  the  Sac  river  represented  the  First  Magne- 
sian,  a  highly  silicious  limestone,  with  the  characteristic  irreg* 
ular,  yellowish  cavities  filled  with  a  less  indurated  matter. 

Southwest  of  the  center  of  Tp.  31  N.,  R.  XXI  W.,  Sec.  33, 
in  a  little  draw  that  heads  on  the  McCurdy  place,  on  the  north 
side  of  Sims  branch,  just  south  of  the  neighborhood  roa^,  the 
wet  weather  drainage  has  exposed  a  considerable  surface  of 
this  horizon.  Here  a  few  braehiopod  remains  were  found,  so 
poorly  preserved  that  it  is  impossible  to  name  them.  One, 
however,  closely  resembles  Spirifer  marionenM.  This  would 
be  the  best  point  found  in  the  area  for  a  careful  search  for  the 
fossUs  of  this  formation.  The  rock  here  is  coarse,  crystalline, 
and  weathers  in  such  a  manner  as  to  leave  obscure  casts  of 
crinoid  stems  in  relief  on  the  surface,  giving  it  a  rough  appear- 
ance. It  is  barely  possible  that  this  particular  rock  may  be 
Louisiana,  and  not  Sac  limestone.    The  upper  layers  are  thin 


BBLATIONB   OF  THB  PHELPS  SAMDSTONB.  77 

and  shaly,  and  contain  crystals  of  iron  pyrites.    The  middle 
and  lower  layers  are  thicker-bedded. 

On  the  Oochran  farm  (Tp.  31  N.,  B.  XXI  W.,  Sec.  6),  jnst 
soQth  of  Pleasant  Hope,  this  rock  is  mnch  finer-grained,  and 
the  upper  layers  are  filled  with  nnmeroas  cnbical  or  octahedral 
crystals  of  iron  pyrites  from  one-eighth  to  one-fonrth  of  an 
inch  in  diameter.  Here  the  lower  layers  have  a  rich  coloring, 
the  gray  being  mixed  with  a  light  chocolate  or  fawn  color, 
dotted  with  the  characteristic  greenish  splashes. 

In  Tp.  29  N.,  R.  XIX  W.,  Sec.  28,  along  Panther  creek, 
the  rock  is  very  mnch  lighter  colored,  more  compact,  flner- 
grained  and  harder,  though  occasionally  speckled  with  minute 
calcite  crystals.  South  of  this,  it  becomes  more  attenuated, 
and  loses  its  purplish  drab  color,  leaving  its  lithological  char- 
acters quite  indefinite. 

A  fine  bluff  of  Sac  limestone  outcrops  along  the  Sac  on 
the  line  between  sections  21  and  22,  Tp.  30  N.,  B.  XX  W.  It 
stands  out  as  a  bold  shelf  midway  up  the  bluff.  The  scarce- 
ness of  fossils  in  this  formation  has  been  noted ;  and  there  is 
frequent  difficulty,  on  account  of  lithological  characters,  in 
separating  it  from  the  Louisiana  when  the  Phelps  sandstone  is 
absent.  So  far,  no  ohert  has  ever  been  found  in  the  Louisiana, 
and  as  it  is  of  frequent  occurrence  in  the  Sac  limestone,  it  is  a 
valuable  lithological  mark  of  separation  between  the  two. 

Phelps  Sanditone.  The  Phelps  sandstone  is  usually  separ- 
ated from  the  formation  above  it  by  a  few  inches  of  clay,  or 
by  a  soft,  impure,  sandy  clay,  representing  the  unconformity 
between  the  Devonian  and  the  Lower  Oarboniferous.  It  is  a 
noticeable  fact  that,  when  the  Devonian  is  present,  the  Louis- 
iana limestone  is  usually,  though  not  always,  absent,  and  hence 
the  Phelps  sandstone  generally  underlies  the  Hannibal  shale. 
The  2  or  3  inches  of  clay  above  referred  to  varies  exceedingly. 
Attention  should  be  called  here  to  the  slight  unconformity 
which  this  clay  represents  between  two  such  widely  separated 
ages,  and  it  brings  to  notice  once  more  the  oft-discussed  prob- 
lem of  the  true  position  of  the  Hannibal  beds,  i.  6.,  whether 
Devonian  or  Lower  Oarboniferous.    So  eminent  an  authority 
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a9  Hall  has  stated  that  he  saw  no  reason  to  change  his  fre- 
qaently-expressed  opinion  of  the  strong  Devonian  cast  of  the 
Kinderhook  beds. 

The  sandstone  above  the  limestone  layers,  and  best  shown, 
perhaps,  at  the  Phelps  mines,  is  a  very  pecaliar  rock.  Though 
nowhere  exceeding  four  feet  in  thickness,  it  is  never  mistaken 
for  any  of  the  other  sandstones.  It  varies  from  a  soft,  irreg- 
alarly  bedded,  rather  coarsegrained  sand-rook  of  a  watery- 
green  color,  to  an  almost  limpid  qnartzite-like  stratum.  Fre- 
quently, masses  of  limpid  quartz  are  surrounded  by  an  impure 
chert,  which  passes  gradually  into  the  soft,  friable  sandstone* 
a  few  feet  away.  The  grains  in  the  coarser  varieties  are  more 
or  less  rounded,  pellucid  quartz,  and  cemented  by  a  maguesian 
lime.  Almost  invariably  the  sandstpne  forms  a  matrix  for  more 
or  less  angular,  water- worn,  flint  pebbles,  which  vary  from  the 
size  of  a  mustard  seed  up  to  two  inches  in  diameter.  These 
pebbles  are  of  chert,  frequently  agatized,  and  range  in  color 
from  milky  white  through  shades  of  pink  and  blue  to  bluish- 
black,  though  when  broken  they  almost  always  present  an 
opaque,  milky- white  interior.  They  closely  resemble  the  cherts 
of  the  First  and  Second  Magnesian  limestones,  and  the  sand- 
stone undoubtedly  represents  an  off-shore  or  old  beach  de- 
posit. Occasionally,  as  near -the  head  of  Asher  creek  (Tp.  30 
K.,  B.  XXIII  W.,  Sec.  9),  the  sandstone  presents  a  very  bril- 
liant, glistening  surface,  and  were  it  not  for  the  pebbles  before 
described,  might  easily  be  taken  for  the  First  sandstone. 

*It  shoald,  perhaps;  be  noted  here  that  there  is  a  prevalent  greenish  cast 
In  all  the  beds  of  the  Devonian  formation  In  Southwest  Bf  issoarl.  Penrose  (Geol. 
Sur.  Arkansas,  Ann.  Rept.  1890,  vol.  I,  p.  119)  calls  attention  to  this  coloration  in 
the  rocks  below  the  Izard  limestone  In  Arkansas.  He  suggests  that  this  watery - 
green  color  Is  probably  due  to  the  presence  of  the  proto  salts  of  Iron,  since,  on 
an  exposed  surface,  the  green  color  changes  to  a  yellow  or  brown  color  which 
permeates  the  surface  to  the  depth  of  an  inch  or  more.  When  the  green  colora- 
tion Is  striking  in  a  freshly -exposed  surface  of  the  Phelps  sandstone,  the 
weathered  surface  always  presents  a  dark  yellowlsh'brown  crust.  This  same 
coloration  Is  frequently  observed  upon  the  weather-exposed  surface  of  the  Sac 
limestone,  particularly  when  the  rock  possesses  the  greenish  mottling  which  la 
so  common  a  characteristic  In  the  northern  portion  of  the  area.  Hall  and  Whit- 
ney (Geology  Iowa,  vol  I,  pp.  8d  and  87, 1858)  note  this  greenish  coloration  as  a 
characteristic  of  the  Hamilton  of  Iowa. 
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An  important  featare  of  this  formation  is  the  presenoe  of 
fish  teeth,  whioh  occur  abundantly,  and  which  are  widely  dis- 
tributed, all  being  water-worn,  showing  evidence  of  having 
been  tumbled  by  the  waves  over  this  ancient  beach.  They 
vary  from  the  size  of  a  grain  of  wheat  up  to  half  an  inch  in 
diameter.  They  are  dark  bluish-black  in  color,  polished  by 
wave  action,  and  distinctly  exhibit  all  the  microscopic  char- 
acters. Some  of  these  have  been  identified  as  Ptyotodus  oaU 
ceolu8.  Dr.  Kewberry,  of  Oolnmbia  college,  New  York,  the 
highest  authority  on  paleozoic  fishes,  states,  in  a  private  com- 
munication, that  those  sent  him  very  closely  resemble  the  above 
genus,  which  belongs  to  the  Elasmobranchs,  and  probably  to 
the  Ohimeroid  group.  Dr.  Newberry  further  states  that  he 
has  found  these  teeth  abundant  in  the  Hamilton  of  the  De- 
vonian in  Iowa  and  Illinois.*  Numerous  coprolites  are  also 
found.  Undoubtedly  other  species,  from  material  collected  in 
this  area,  will  be  identified  by  farther  research. 

The  weathering  of  the  Phelps  sandstone  is,  locally,  ex- 
tremely peculiar,  and  differs  from  that  of  any  of  the  other 
sandstones.  Frequently  rounded,  branched  elevations,  like 
large  seaweeds,  are  left  exposed  on  the  surface,  and  these  are 
sometimes  undermined,  leaving  bridges  and  arches  standing 
out  like  loosely  tangled  masses  of  cord ;  or  a  surface  is  covered 
by  ridges  like  those  made  by  the  pouring  of  some  extremely 
viscid  substance. 

The  best  locations  for  the  study  of  this  sandstone  are  as 
follows:  In  Tp.  28  N.,  B.  XXI  W.,  Sec.  1,  Nw.  i  of  Nw.  qr., 
at  the  Phelps  mines,  numerous  shafts  cut  through  the  Ohouteau 
into  this  sandstone,  and  the  old  dumps  around  the  shafts  form 
a  good  collecting  ground  for  the  fish  teeth  and  the  variations 
of  the  sandstone,  from  the  quartzite,  before  described,  to  the 
strangely  weathered  forms  just  referred  to.  The  formation 
here  averages  about  two  feet  in  thickness.  As  these  mines 
were  the  point  of  the  first  discovery  of  the  fish  teeth,  as  well 
as  the  place  where  the  peculiar  weathering  and  other  char- 

*6eol.  Bar.  Illinois,  vol.  [I,  p.  106,  pi.  10,  flg.  10,  1866;  also  8djth  Ann.  Hept. 
N.  T.  State  Mus. ,  p.  206,  pi.  16,  llgs.  12-14,  1881. 
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acteristics  are  best  exhibited,  the  provisional  name  of  Phelps 
sandstone  has  been  given  to  this  horizon.  The  richest  deposits 
of  fish  teeth  have  been  found  near  the  center  of  the  camp, 
along  the  main  crevice. 

At  the  Pierson  creek  mines  ( Tp.  29  N.,  B.  XXI  W.,  Sec. 
35)  the  floors  of  the  drifts  rest  upon  the  top  of  this  sandstone. 

In  Tp.  27  N.,  R.  XXII  W.  Sec.  29,  Sw.  i  of  Se.  qr.,  are 
the  shafts  snnk  by  the  Delaware  mining  company.  From  4  to 
6  inches  of  sandstone  qaite  similar  to  the  deposit  found  at  the 
Phelps  mines  are  seen  here,  bat  the  chert  pebbles  are  more 
abnndant  and  striking.  These  mines  are  situated  in  a  narrow 
gorge  that  heads  a  few  hundred  feet  east  of  the  James  river, 
and  were  worked  with  the  expectation  of  finding  silver  in  the 
pyrites  that  abounds  in  the  Eureka  shales  of  the  southwest 
Missouri  Devonian.  The  bluffs  on  each  side  of  this  gorge  are 
capped  with  Burlington  chert,  and  a  good  section  was  obtained 
here  of  the  Ohoutean,  Hannibal  shales,  Devonian  beds,  and 
the  Frst  Magnesian  limestone  which  lies  in  the  bed  of  the 
James. 

Of  the  drill-well  sections  in  the  city  of  Springfield,  that  at 
the  *'  Frisco  "  oar  shops  indicates  4  feet  of  Phelps  sandstone ; 
one  of  the  Frick  ice  company  wells  indicates  its  presence ; 
while  that  at  the  Metropolitan  railway  power  house  does  not 
indicate  its  presence.  No  other  authentic  outcrops  are  found 
south  of  Springfield.  In  the  North  half  of  the  area,  however, 
the  Phelps  sandstone  is  fully  exposed,  and  a  number  of  good 
sections  have  been  observed.  Only  a  few  typical  examples 
will  be  mentioned. 

At  the  Johnson  mines  ( Tp.  30  N.,  B.  XX  W.,  Sec.  29,  Se. 
qr. )  which  were  sunk  in  prospecting  for  silver,  4  feet  of  Phelps 
sandstone  very  closely  resembling  that  found  at  the  Phelps 
mines  in  structure  and  general  characters,  and  abounding  in 
fish  teeth,  were  passed  through  in  shaft  No.  2.  The  record  in 
shaft  No.  3,  about  500  feet  west  of  No.  2,  was  not  so  perfect, 
but  indicated  about  7  feet,  and  a  considerable  amount  of  the 
rock  was  found  in  the  dump. 
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At  the  Newton  moand,  in  the  southeast  corner  of  Polk 
connty  (Tp.  31  N.,  R.  XXI  W.,  Sec.  1,  N.  i  of  Ne.  qr, )  a  num- 
ber of  fragments  of  the  typical  sandstone  with  fish  teeth  were 
found  on  the  slope.  A  hurried  search  did  not  discover  this  sand- 
stone uncovered.  It  is  undoubtedly  covered  by  the  Hannibal 
shale,  and  is,  probably,  not  much  more  than  one  foot  in  thick- 
ness. A  prospect  shaft  sunk  on  the  KraBmer  farm  (Tp.  27  N.^ 
E.  XX  W.,  Sec.  11,  Se.  qr. )  passed  through  this  sandstone^ 
filled  with  the  characteristic  fish  teeth. 

Loose  fragments  were  picked  up  on  the  Oochran  farm  (Tp. 
31  N.,  B.  XXI  W.,  Sec.  6,  Ne.  qr.).  No  fish  teeth  were  found. 
This  formation  is  also  found  on  the  Oash  farm  (Tp.  31  N.,  B. 
XXI  W.,  Sec.  32).  The  drill-well  passed  through  2  feet  of  this 
sandstone  at  a  depth  of  141  feet  ( Tp.  32  N.,  B.  XXII  W.,  Sec. 
36).  On  the  Oraig  farm,  2  miles  north  of  Hickory  Barrens  (Tp. 
31  N.,  B.  XXI  W. )  2  feet  of  this  sandstone  were  noted  at  a 
depth  of  100  feet. 

On  the  north  line  of  the  E.  i  of  lot  4  (Tp.  29  N.,  B.  XXI 
W.,  Sec.  25,  Ne.  qr.),  at  the  fault,  a  shaft  was  sunk  18  feet, 
which  penetrated  the  Phelps  sandstone,  at  which  point  the 
latter  rests  against  the  beds  of  the  upper  Burlington  limestone. 
The  sandstone  is  about  three  feet  thick  here,  a  very  compact, 
fine-grained  rock,  merging  into  a  quartzite,  magnesian  lime  being 
the  cementing  material,  which,  in  the  weathering  of  coarser- 
grained  specimens,  forms  whitish  clay-like  efflorescence  on  the 
surface.  Some  weathered  blocks  on  the  dump  at  this  shaft 
show,  very  plainly,  fncoid-like  markings. 

Beds  of  this  sandstone  have  been  found  as  far  south  as 
Boone  county,  Arkansas.  In  Tp.  21  N.,  B.  XX  W.,  Sec.  18, 
of  that  state,  a  section  of  3  feet  of  this  sandstone  is  found  on 
a  bluff  on  the  McMerrie  tract. 

Where  erosion  has  not  cut  through  the  First  Magnesian 
limestone,  the  soil  left  by  the  wreckage  of  the  Devonian  is 
wonderfully  rich,  the  mixture  of  the  Phelps  sandstone,  the 
Sac  limestone  and  the  King  limestone,  varying  as  they  do  in 
their  composition,  furnishing  eminently  favorable  conditions 
a— 6 
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for  abundant  orops.  The  splendid  farms  in  the  northeast  part 
of  Tp.  30  N.,  B.  XX  W,  near  the  head  of  Sims  branch  and  Dry 
Sac  creek,  in  the  soathern  half  of  Tp.  31  N.,  B.  XXI  W.,  are 
good  examples  of  the  fertility  of  the  soils  derived  from  these 
members  of  the  Devonian  beds. 

OABBONIFBBOUS. 

The  great  sabdivisions  of  the  Oarboniferoas  are  recog- 
nizable in  soathwest  Missonri  as  a  lower  part,  or  Misslssippian 
Series,  and  an  apper  part,  or  Des  Moines  series  (coal  measures). 
The  former  occupies  the  larger  part  of  the  district  included 
in  this  report,  and  is  represented  by  several  well-marked  mem- 
bers. The  latter  is  represented  only  by  isolated  outliers  of 
the  coal  fields  situated  farther  to  the  west. 

MIS8IS.SIPPIAN  SERIES. 

The  Misslssippian  series,  or  Lower  Carboniferous  is  com- 
posed almost  wholly  of  heavily  bedded  limestones  which  are,  in 
great  part,  crinoidal,  though  occasionally  magnesian  beds 
occur.  In  Greene  county  the  series  is  represented  by  two  of 
the  four  sub-divisions  recognized  in  the  Mississippi  basin. 
These  are  the  Kinderhook  and  the  Augusta. 

Kinderhooh.  The  probable  equivalents  are  the  Ohouteau 
group,  of  Missouri ;  the  Kinderhook,  of  Illinois ;  the  Ooniatite 
limestone,  of  Indiana;  the  Marshall,  of  Michigan  ;  the  Yellow 
sandstone,  of  Iowa ;  the  Silicious  group,  lowest  beds,  of  Ten- 
nesee ;  and  perhaps  also  the  Gatskill. 

Heretofore,  the  name  '*  Ohouteau  group  "  has  been  applied 
to  the  beds  in  this  group  by  some  geologists,  but  Miller*  gives 
priority  to  the  name  '^Waverly, "  as  adopted  by  Briggs,  in 
1838,  in  the  report  of  the  Geological  Survey  of  Ohio,  from  the 
beds  exposed  at  Waverly,  in  that  state.  Swallow,  in  his  report 
of  1855,  calls  this  the  Chemung  group,  believing  that  they 
were  Devonian  beds.  Hall,  of  19  ew  York,  still  adheres  to  this 
belief.  Meek  and  Worthenf,  in  1861,  after  a  careful  study  of 
the  Illinois,  Missouri  and  Indiana  beds,  proposed  the  name 
Ejnderhook. 


•North  American  Geology  and  Palentology,  p.  6H,  1S90. 
tGeol.  Sur.  Illinois,  vol.  I,  p.  108,  iSfiG. 
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The  position  of  this  formation  has  been  pretty  definitely 
settled  as  being  in  the  lower  part  of  the  Lower  Oarboniferons 
system,  and  it  is  rather  late  in  the  day  to  raise  any  doubts  in 
regard  to  this  decision.  Bat  a  study  of  these  beds  in  soath- 
western  Missoari  and  northwestern  Arkansas  will  force  this 
doubt  upon  the  careful  investigator.  The  unconformity  be- 
tween this  formation  and  the  Burlington  above,  and  the  lack 
of  unconformity  and  similarity  of  the  deposits  between  this 
and  the  Devonian  below,  together  with  the  abundance  of  the 
Fucoides  oaudagalli  and  also  the  strong  Devonian  cast  of  other 
fossils  of  this  area,  which  was  noticed  by  Dr.  Hall,  in  his  ex- 
amination of  the  Drury  Oollege  collection,  will  perhaps,  ac- 
count for  this  reference  to  a  question  that  has  seemed  for 
some  time,  a  settled  one. 

The  formation,  though  ordinarily  not  very  thick,  is  per- 
haps the  most  easily  recognized,  lithologically,  of  any  for- 
mation in  the  southwest.  And  this  is  fortunate,  for  except 
in  a  few  localities,  fossils  are  extremely  rare  in  this  district. 
There  is  a  natural  division  of  the  rocks  into  three  distinct 
beds : 

Choateau  limestone 8  to  30  feet. 

Hannibal  sandstones  and  shales 10  to  90    *  * 

lx>ui8lana  limestone Oto  8    *' 

The  figures  give  the  minimum  and  maximum  thickness  in 
the  area.  As  has  just  been  stated,  the  separation  between 
these  beds  and  the  lower  Burlington  above  is  represented  by 
more  or  less  unconformity.  The  strata  of  this  group  graduate, 
in  many  cases,  so  insensibly  into  each  other  that  one  is  fre- 
quently led  to  doubt  the  propriety  of  separating  them,  and  it 
is  difficult  to  say  where  the  lithological  or  palsBontological  char- 
acters begin  or  end.  This  is  particularly  true  of  the  Ohouteau 
and  Hannibal.  In  many  cases,  where  the  sandstone  is  wanting, 
the  Ohouteau  merges  insensibly  into  the  Hannibal  shales,  so  it 
is  impossible  to  say  where  one  begins  and  the  other  ends.  No 
unconformity  has  been  noticed  between  these  beds. 

In  Iowa,*  the  Kinderhook  beds  (Ohouteau)  are  made  up 
largely  of  sandstones  and  limestones,  with  several  character- 

♦Geology  Iowa,  vol.  I.,  p.  194, 1870. 
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istic  oolitic  layers.  These  form  oharaoteristio  beds  in  Illinois,*^ 
and  it  is  worthy  of  notice  that  they  are  wholly  absent  in  Mis- 
soori.  In  this  state,  and  particularly  in  the  area  under  discus- 
sion, the  limestones  and  shales  predominate,  and  in  a  large  part 
of  the  dintrict  the  sandstones  are  entirely  absent.  Along  the 
slopes  of  the  Springfield  fold,  and  particularly  the  southern 
slopes,  the  Hannibal  is  made  up  largely  of  sandstone  and  the 
Ohouteau  is  more  arenaceous.  Ooing  southward,  the  sand- 
stone rapidly  thins  out  and  is  replaced  by  shales.  About  12 
miles  from  the  axis  of  the  Springfield  fold,  a  line  drawn  east 
and  west  and  parallel  to  the  axis  will  mark,  essentially,  the  line 
of  demarcation  where  the  Hannibal  sandstone  passes  out  and 
the  shale  predominates.  The  sandstone  is  rarely  seen  farther 
south  except  near  the  crests  of  elevated  folds.  The  reason  is 
obvious,  since  the  sandstones  accumulate  as  an  off  shore  de- 
posit, and  the  shales  are  formed  in  deeper  and  quieter  waters. 

Louisiana  Limestone.  The  lowest  member  of  the  Oarbon* 
iferous  is  not  so  variable  in  composition  and  texture  as  the 
other  two.  It  frequently,  however,  possesses  such  lithologi- 
cal  characters  as  to  make  it  difficult  to  distinguish  it  from  the 
associated  Devonian  rocks.  As  only  a  few  obscure  fragments 
of  fossils  have  been  found  in  this  region,  its  identification  is 
dependent  entirely  upon  position  and  lithological  characters. 

The  best  exposures  of  this  formation  thus  far  noted  in 
this  area,  are  at  the  Newton  mound  in  the  extreme  southeast- 
ern corner  of  Polk  county  (Tp.  31  N.,  E.  XXI  W.,  Sec.  1,  Ne. 
qr.).  Immediately  underlying  the  Hannibal  shales,  and  over- 
lying the  Phelps  sandstone,  are  ten  feet  of  this  limestone.  The 
upper  layers  are  hard,  fissile,  and  buff  in  color.  Where  this 
layer  weathers,  in  broken  blocks  and  on  exposed  surfaces,  the 
coloring  matter  is  leached  out,  leaving  the  rocks  much  lighter. 
A  few  inches  underneath  the  shaly  layers  is  a  stratum  much 
heavier,  lighter  colored,  and  with  a  faint  reddish  to  yellowish 
tinge  when  freshly  broken.  The  weathered  surface  of  the 
middle  beds,  as  well  as  the  lower,  present  a  rough,  minutely 
nodular  surface  from  the  exposure  of  very  small  fragments  of 

•Geology  Illinois,  vol.  1.,  p.  108,  1866. 
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orinoid  Btems.  The  beds  are  very  compact,  hard  and  flne- 
grained.  Weathered  fragments,  when  held  suspended  in  the 
hand  and  struck  with  a  hammer,  ring  like  phonolite.  This 
characteristic  is  more  striking  in  the  lower  beds,  though  usu- 
ally possessed  by  the  middle  layers.  Occasionally  small  frag- 
ments of  calcite  are  scattered  through  the  rock,  also  small 
crystals  of  pyrites.  At  Newton  mound,  thin,  very  regular 
streaks  of  calcite,  merging  into  larger  patches  are  sometimes 
present.  It  will  be  seen,  then,  that  there  is  an  easy  transition 
from  the  very  soft  upper  Hannibal  shales,  through  the  harder 
lower  beds  of  the  same  formation,  as  found  in  the  Holman  and 
Oilmore  quarries,  to  the  thin,  shaly,  transition  beds  of  the 
upper  Louisiana,  and  the  strongly  indurated,  compact,  and 
heavy  beds  of  the  lower  Louisiana. 

The  best  points  for  the  study  of  this  formation  are  the  fol- 
lowing locations:  On  the  Oowden  and  Albright  farms  (Tp. 
31 N.,  E.  XXI  W.,  Sec.  9,  S.  i);  on  the  Oochraufarm,  Ne.  corner 
of  Sec.  6,  same  range  and  township,  where  it  is  associated  with 
the  Devonian ;  in  Tp.  32  Nm  B.  XXL  W.,  Sec.  30,  Sw.  i  of  Sw. 
qr;  and  in  Tp.  32  N.,  B.  XXII  W.,  Sec.  23,  both  in  the  Ne.  and 
Se.  qrs.  Along  the  Sac  river,  particularly  just  east  of  the  ford 
on  the  Springfield-Morrisville  road  (Tp.  32  N,  E.  XXIII  W., 
Sec.  36),  is  a  good  outcropping  of  the  Louisiana.  It  is  10 
feet  thick,  and  presents  characteristics  similar  to  those  exhib- 
ited at  the  ]Newton  mound.  At  the  McOracken  place  (Tp.  29 
TS.j  B.  XXI  W.,  Sec.  5),  is  seen  an  outcropping  of  what  seems 
to  be  some  eight  or  ten  feet  of  Louisiana,  though  it  may  prove 
to  be  a  somewhat  modified  form  of  Sac  limestone.  At  this 
point  it  underlies  the  Hannibal  shales,  and  the  two  are  elevated, 
by  the  faulting,  to  the  same  plane  as  the  upper  Burlington. 
Here  it  is  reddish  in  color,  and,  though  more  coarsely  crystal- 
line than  usual,  is  compact,  hard,  and  carries  some  pyrites. 
I^early  due  west,  about  a  quarter  of  a  mile,  along  the  line  of 
fault,  and  in  a  small  quarry  on  the  west  bank  of  the  stream 
flowing  from  Sander  spring,  is  found  a  most  interesting  modi- 
fication of  this  same  rock.  The  Upper  Burlington  to  the  south 
of  the  fault  is  much  tumbled  and  broken,  and  the  supposed 
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Loaisiana,  or  possibly  the  Sac  limestone,  being  a  mach  stronger 
rook,  has  undergone  a  slight  metamorphism  and  has  developed 
cleavage  planes  which  exhibit  by  reflected  light,  a  glistening 
surface  strikingly  resembling  felspar.  It  is  well  exposed  in 
the  long  slope  of  the  Birdeye  hollow  road  (Tp.  3L  N.,  B.  XXII 
W.,  Sec.  29),  and  also  near  the  top  of  Presley  hill  (Tp.  31  N.^ 
R.  XXII  W.,  Sec.  22,  Sw.  qrs.). 

As  this  rock  is  nowhere  very  thick  and  has  so  limited  a 
distribntion  in  the  district,  its  ases  are  very  few.  Some  local 
beds  might,  possibly,  make  a  handsome,  and  certainly  a  durable 
building  stone.  No  fossils  have  been  found  except  on  weath- 
ered surfaces,  where  a  few  imperfect  crinoid  stems  are  often 
exposed. 

Hannibal  Shales,  The  very  inappropriate  name  of  vermic- 
ular for  this  division  of  the  Kinderhook  was  given  by  the  early 
workers  in  the  state  upon  the  supposition  that  the  tortuoua 
tube-like  cavities  that  penetrate  the  sandstone  of  these  beds 
were  worm  borings.  These  tube-like  impressions  are  doubt- 
less the  remains  of  fncoids,  or  sea  weeds.  Owen,  long  ago,  in 
1858,  suggested  this  fact.  Hall,  after  a  careful  study  of  speci- 
mens collected  from  this  area,  pronounced  them  of  vegetable 
origin. 

The  formation  is  made  up  of,  usually,  two  members,  an 
upper,  which  is  commonly  a  yellowish  sandstone  penetrated 
everywhere  by  worm-like  borings  that  are  filled  with  less  indu- 
rated matter,  and  a  lower  or  bluish,  compact  shale.  The  for- 
mation is  not  sharply  separated  from  the  Ohouteau  above,  and 
where  the  sandstone  is  wanting,  as  is  frequently  the  case,  the 
Ohouteau  merges  so  insensibly  into  the  shales  beneath  that  it 
is  next  to  impossible  to  establish  any  line  of  demarcation  be- 
tween them.  The  formation  has  a  thickness  of  from  10  to  100 
feet,  the  sandstone  ranging  from  a  few  to,  perhaps,  25  feet,  and 
the  shales  from  25  to  75  or  80  feet.  The  latter  seem  to  be 
always  present,  ana  usually  increase  in  thickness  wherever  the 
sandstone  decreases,  or  is  absent.  Like  the  Ohouteau,  thia 
formation  is  exposed  first  where  the  streams  cut  through  the 
overlying  strata  into  it,  and  second,  where  a  fold  or  fault 
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brings  it  up  to  the  sarface.  The  sandstone  is  qnite  durable, 
and  in  weathering  usnally  forms  benches  or  terraces  protecting 
the  softer  and  more  easily  decomposed  shales  beneath,  in  some 
cases  forming  flat-topped  mounds  or  bnttes.  The  sandstone 
varies  in  color  from  a  light  to  dark  yellow  or  reddish,  the  lat- 
ter color  being  nsnally  fonnd  in  eroded  snrface  blocks  that 
have  been  burned  by  prairie  or  forest  fires.  In  the  degree  of 
induration  there  is  also  much  variation,  the  upper  part  being 
usually  more  or  less  friable,  penetrated  in  every  direction  by 
the  "  borings  "  before  referred  to. 

The  sandy  portion  graduates  through  beds  which  become 
less  and  less  arenaceous,  into  blue  silico-magnesian  shales  which 
are  from  5  to  70  feet  thick.  These  are  compact,  usually  grayish 
to  blue,  but  in  some  places  somewhat  greenish  in  color.  Fre- 
quently they  show  upon  exposed  masses  a  pure  white,  soft 
coating  of  magnesian  material,  about  one-sixteenth  of  an  inch 
thick.  This  white  coating  is  sometimes  mistaken  for  kaolin, 
which  it  resembles  in  physical  characters  only.  The  shales 
vary  decidedly  in  hardness,  in  some  places  being  very  soft. 
When  exposed  to  the  air  they  decompose  rapidly  into  a  bluish- 
green  clayey  mud,  which  makes  exceedingly  bad  roads  in  wet 
weather,  and  which,  when  mixed  with  decomposed  Ohouteau, 
makes  a  wonderfully  rich  soil.  Swallow*  states  that  the  clays, 
when  mixed  with  too  much  of  the  sandstone  above,  have  an 
injurious  effect  upon  the  soil.  This  is  rarely  the  case  in  this 
district.  In  other  localities  these  beds  are  much  harder,  and 
while  still  possessing  their  shaly  character,  and  breaking  with 
a  conchoidal  fracture,  they  are  so  compact  as  to  be  easily 
separated  into  rough  slabs,  excellent  for  curbing  and  flagging. 
The  latter  condition  is  fonnd  mainly  in  the  southern  part  of 
the  area.  Usually  the  shales  are  much  softer  when  associated 
with  the  sandstone.  Frequently  this  layer  contains  nodular, 
elliptical  masses  of  impure  iron  pyrites.  Almost  everywhere 
it  is  covered  with  cauda-galli  markings,  which  are  brought  out 
more  fully  in  the  blocks  that  are  weathered. 

*Geo.  Rep.  Southwestern  Branch  Pacific  Railway,  1859,  p.  6. 
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Along  the  soathern  slope  of  the  Springfield  fold,  the  sand- 
stone is  quite  thick,  thoagh  the  well-sections  in  Springfield 
indicate  only  the  presence  of  the  shales.  Going  still  farther 
southward,  it  rapidly  thins  oat,  and  soon  disappears  soath  of 
the  line  drawn  from  the  James  river  mines  ( Tp .  28  N.,  B.  XXI 
W.,  Sec.  1 )  to  a  point  near  the  "  Devil's  Den,"  ( Tp.  28  N.,  R. 
XIX  W.,  Sec.  3 ).  Only  the  shales  are  found  in  the  area  south 
of  this  line,  except  along  the  upper  slopes  of  some  of  the  folds 
outside  of  the  district.  The  well-sections  at  Springfield  give 
a  little  over  40  feet  of  these  shales.  Ooing  east,  outcroppings 
30  to  40  feet  thick  occasionally  occar. along  Pierson  Greek. 
At  the  Pierson  Greek  mines  ( Tp.  29  N.,  R.  XXI  W.,  Sec.  36 ) 
it  forms  the  ore  horizon.  At  the  iron  bridge  across  the  James, 
a  short  distance  to  the  east,  the  top  of  the  shales  forms  the 
bed  of  the  river.  From  this  point  eastward  along  the  river 
and  its  branches  throughout  the  greater  part  of  the  district, 
these  beds  form  a  characteristic  feature  of  the  landscape,  and 
in  many  cases  aid  in  forming  the  rich  and  productive  bottom 
lands.  One  of  the  most  picturesque  points,  and  a  typical  ex- 
ample of  the  beds  in  this  part  of  the  district,  is  at  Little  Yose- 
mite  spring  ( Tp.  29  N.,  R.  XX  W.,  Sec.  28,  Ne.  qr.).  About  a 
quarter  of  a  mile  south  of  the  main  road  the  gentle  slope 
formed  by  the  shales  on  the  east  side  of  the  James  is  abruptly 
terminated  by  a  small  branch  that  has  its  source  in  several 
springs  that  issue  from  the  face  of  a  bluff  at  the  head  of  a 
narrow  gorge.  The  main  spring,  a  Burlington-Ghouteau  con- 
tact spring,  has  cut  out  this  gorge,  and  falls  in  diminutive  cas- 
cades over  the  alternating  beds  below.  The  striking  contrast 
in  the  color  of  the  rocks,  from  the  dark  bluish  gray  of  the 
lower  Burlington  to  the  dark  yellow  of  the  Ghouteau  and  the 
bluish-green  shales  beneath,  together  with  the  luxuriant 
growth  of  beautifal  mosses  and  ferns,  forms  one  of  the  most 
picturesque  and  attractive  spots  in  the  whole  region. 

Along  the  Fiuley  and  its  branches,  from  near  Linden  (Tp. 
27  N.,  R  XX  W.),  eastward,  throughout  the  area,  rather  thin 
beds  of  Ghouteau  and  Hannibal  outcrop  at  various  points, 
when    not    covered    with  Burlington  slope.    The  Ghouteau 
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rarely  exceeds  ten  feet  in  thickness,  and  the  Hannibal  shale  is 
from  five  to  fifteen  feet  thick.  Jnst  below  Oilmore's  mill  on 
the  Finley  (Tp.  27  K,  R.  XXII  W.,  Sec.  36)  are  several 
qnarries  in  the  harder  lower  beds  of  the  Hannibal  shales.  The 
following  section  was  obtained  jnst  over  the  line  of  this  area  : 

Chouteau  limestone 5  ft. 

HaDUibal  shales  as  follows : 8  ft. 

Thin  soft,  light  colored  shale,    (transition  layer) 2  In. 

Faint  blue,  harder  shales l  ft . 

Very  soft  blue  shales 6  In. 

Harder  Hannibal  limestone 2  ft. 

Softer  rotten  shales 6  In. 

Thin- bedded,  harder,  light -blue  limestone 4  ft. 

Near  T.  J.  Prazer's  (Tp.  27  N.,  B.  XXII  W.,  Sec.  29),  on 
the  James  river,  under  10  feet  of  Ohontean,  are  found  abont 
20  feet  of  somewhat  varigated  bine  and  gray  limestone,  rather 
hard  and  compact,  and  breaking  with  conchoidai  fractnre.  To 
the  north,  the  Hannibal,  like  the  Ohontean,  is  mainly  confined 
to  a  belt  ot  conntry  north  of  the  Oraydon-Northview  anti- 
cline, and  the  southern  slopes  of  the  Morrisville  fold. 

Kear  the  headwater  of  the  Pomme  de  Terre  (Tp.  30  N.,  B. 
XX  W. ),  abont  15  feet  of  the  Hannibal  shales  nnderlie  a  few 
feet  of  sandstone.  From  here  northwestward  are  varions  ont- 
croppings,  but  it  is  not  always  easy  to  accnrately  determine  the 
thickness  of  the  formation  on  account  of  the  tilting  and  crump- 
ling caused  by  faulting  and  the  effects  of  subsequent  erosion. 
A  few  instances  will  be  mentioned  to  illustrate  the  variation 
in  thickness.  At  the  Johnson  mines  (Tp.  30  K.,B.  XX  W.,  Sec. 
29),  in  shaft  No.  2, 18  feet  of  the  sandstone  and  37  feet  of  the 
shales  were  passed  through.  Two  miles  north  of  Hickory  bar- 
rens, on  the  Oraig  farm  (Tp.  31  N.,  B.  XXI  W.),  a  well  was 
sunk  through  15  feet  of  Hannibal  sandstone,  and  35  feet  of 
the  shales.  At  the  Fair  Orove  mound,  under  80  feet  of  the 
conglomerate,  35  feet  of  bedded  Hannibal  sandstone  lie  exposed. 
A  slope  of  debris  extending  to  the  base  of  the  mound,  makes 
it  impossible  to  determine  how  much  of  the  shales  is  present. 
At  the  Headlee  spring  (Tp.  31  N.,  B.  XXI  W.,  Sec.  34),  under 
35  feet  of  Ohontean,  20  feet  of  Hannibal  sandstones  and  shales 
are  fonnd.    A  few  miles  to  the  northwest  (Tp.  31  N.,  B.  XXI 
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W.,  Sec.  20,  Nw.  i,  of  Sw.  qr.),  45  feet  of  the  saadBtones  and 
shales  are  exposed.  At  King  batte  (Tp.  31  N.,  B.  XXII  W., 
Sec.  27),  is  foand  one  of  the  finest  examples  in  the  Sonthwest 
of  a  monnd  of  ciroamdenadation,  showing  the  protective  in- 
flaence  of  the  hard  sandstone  over  the  soft  and  more  easily 
decomposed  shales,  as  well  as  the  manner  in  which  the  shales 
ran  off  over  the  hard  Devonian  beneath,  and  form  the  broad 
terraces.  This  mound  is  abont  80  by  40  feet  on  top  and  aboat 
40  feet  high  above  the  terrace  which  snrronnds  the  monnd. 
with  a  width  of  from  80  to  100  feet.  The  capping  Hannibal 
sandstone  is  not  more  than  from  5  to  8  feet  thick,  overhanging, 
in  places,  the  decomposing  shales  beneath,  which  have  a  thick- 
ness of  abont  60  feet  at  this  point.  The  monnd  and  the  terrace 
present,  to  the  observer,  a  very  strange  and  nnnsnal  sight. 
Along  Presley  hill,  jast  to  the  west,  the  greatly  tilted  beds  of 
this  formation  have  a  thickness  of  from  30  to  40  feet.  At  the 
blnff  east  of  Oraydon  Springs,  on  the  Sac,  these  beds  have  a 
thickness  of  abont  75  feet.  On  the  section  from  Morrisville 
sonth  to  the  Sac,  on  the  southern  slope  of  the  Morrisville 
Brighton  fold,  is  found  25  feet  of  Hannibal  sandstone  overly- 
ing 25  feet  of  the  shales.  This  is  one  of  the  best  points  in  the 
area  for  the  study  of  the  Kinderhook  beds.  The  rounded  hills 
and  knobs,  with  their  frequent  terraces,  are  a  characteristic 
feature  peculiar  to  this  horizon.  At  the  Thorp  drill- well  (Tp. 
32  N.,  E.  XXII  W.,  Sec.  36),  about  70  feet  of  the  shales  were 
passed  through,  the  sandstone  being  either  very  thin  or  want- 
ing. At  the  Newton  mound  (Tp.  31  N.,  B.  XXI  W.,  Sec.  1, 
center  of  Ne.  qr. ),  there  are  50  feet  of  sandstone  and  shales, 
mainly  sandstones. 

The  Hanuibal  formation  is,  in  a  few  places,  ore  bearing,  as 
along  Pierson  creek.  It  is,  however4  usually  too  thin  to  hold 
large  deposits  of  ore.  As  regards  soil,  where  the  material  is 
suitably  mixed  with  the  superincumbent  beds,  the  land  is  very 
moist  and  fertile,  but  if  there  is  too  much  sand  the  opposite 
conditions  prevail.  Some  of  the  finest  farms  of  this  area  are 
underlaid  by  the  Kinderhook  beds.  The  shales  frequently 
decompose  into  a  clay  which  is  deserving  of  a  wider  use.    A 
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pottery  has  been  established  north  of  Bolivar,  in  Polk  county . 
Swallow  states  that  the  middle  beds  often  pass  into  an  impare 
magnesian  limestone  which  has  every  appearance  of  being 
suitable  for  the  making  of  hydranlic  cement.  As  a  building 
material,  the  sandstone  is  largely  used  by  the  residents  for 
chimneys,  and  for  stepping  stones  and  walls.  It  breaks  easily 
into  large  cuboidal  blocks,  the  slopes  and  terraces  being  fre- 
quently covered  with  them,  so  that  the  stone  is  comparatively 
easy  to  handle  and  work.  It  is  quite  durable.  The  shales  are 
usually  too  soft  and  decomposable  for  building  purposes, 
though  in  a  few  places,  as  at  the  Oilmore  mill  on  the  Finley, 
at  the  South  worth  quarry  (Tp.  27  N.,  R.  XX  W.,  Sec.  15 )  and 
at  the  Holman  quarry  ( Tp.  30  N.,  B.  XXI  W.,  Sec.  28 )  the 
lower  beds  are  much  more  indurated  and  durable,  breaking 
readily  into  rather  thin  slabs.  At  these  three  points  quarries 
have  been  opened  and  considerable  material  has  been  shipped 
to  Springfield  where  it  is  used  for  curbing  and  flagging. 
Springs  in  this  formation  are  weak,  and  their  temperature 
much  higher  than  those  of  other  formations.  They  are  always 
poor,  and  frequently  so  charged  with  mineral  matter  as  to  be 
unwholesome  and  disagreeable  to  the  taste.  Three  miles  south 
of  Pleasant  Hope,  on  the  Springfield  road,  is  a  well  on  the 
Oochran  farm  which  is  an  extreme  example.  The  water  being 
purgative  in  its  effects,  is  most  disagreeable  to  all  who  use  it. 
This  is  undoubtedly  due  to  the  presence  of  the  magnesian 
sulphate  ( epsom  salt)  which  it  contains.  The  shales  have  a 
large  amount  of  iron  pyrites  and  magnesium  carbonate.  The 
iormer  decomposing,  produces  sulphuric  acid,  which  reacts 
upon  the  magnesium  carbonate,  sets  free  the  carbonic  dioxide, 
and  produces  magnesium  sulphate. 

As  a  rule,  fossils  are  rare  in  the  sandstones,  only  the  sea 
weed  markings,  so-called  worm  borings  and  the  cauda-galli 
being  observable.  A  few  specimens  of  a  Terebratula  have 
been  found  in  the  outcroppings  below  the  Headlee  spring  ( Tp. 
31  K,  B.  XXII  W.,  Sec.  34 ).  In  the  northern  half  of  the  area, 
particularly  at  King  Butte  (Tp.  31  N.,  B.  XXII  W.,  Sec.  23) 
the  shales  contain  many  fossils,  and  it  is  noticed  that  they  are 
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all  small  forms,  especially  brachiopods  and  gasteropods,  in- 
dioating  that  the  condition  of  the  water  was  unfavorable  for 
their  development.  On  the  clay  resnlting  from  the  decom- 
position of  the  shales,  the  fossils  are  exposed  and  scattered  on 
the  surfaces  of  the  slopes,  terraces  and  gnllies.  A  few  other 
localities  for  fossils  have  been  discovered,  and  it  is  not  unlikely 
that  rich  deposits  may  be  found  In  other  outoroppings  in  the 
northern  part  of  the  area. 

In  the  southern  half  of  the  area,  with  the  exception  of  a 
few  brachiopods  and  the  caudi-galli  markings,  which  every- 
where cover  the  surfaces  of  the  shales  and  sandstones,  no 
fossils  have  been  found.  The  localities  where  the  brachiopods 
were  obtained  are  at  Pierson  creek,  and  at  the  Holman  quarry. 
Slabs  of  rock  from  the  latter  locality  are  frequently  covered 
with  the  sea-weed-like  markings  which  are  an  inch  or  more  in 
diameter,  and  sometimes  several  feet  in  length.  They  may  be 
seen  in  many  of  the  cnrbings  and  cross-walks  of  the  city  of 
Springfield. 

Chouteau  Limestone.  While  varying  structurally  at  dif- 
ferent points,  this  formation  possesses  certain  general  litholog- 
ical  characteristics  by  which  it  may  be  easily  recognized.  It 
is  fine-grained,  compact,  heavily  bedded,  buff  to  yellow  in  color, 
frequently  slightly  arenaceous,  much  softer  in  the  bed  than 
when  exposed  to  the  air,  and  weathers  badly,  leaving  the  sur- 
face with  deep,  irregular  grooves  and  prominent  rounded  ridges 
and  points.  It  is  unfortunate  for  the  geologist  that  there  are 
intercalated  layers  of  similar  color,  structure  and  general  ap- 
pearance in  both  the  Upper  and  Lower  BarliDgton  limestones. 
Swallow,*  in  his  geological  map,  maps  this  formation  as  out- 
cropping along  the  James  river  in  Tp.  28  N.,  B.  XXII  W.,  Sec. 
36,  Ne.  qr.,  and  for  a  number  of  miles  down  the  river ;  but  this 
has  been  proved  to  be  the  Ohouteau-like  layer  in  the  lower 
beds  of  the  Upper  Burlington  limestone.  A  number  of  other 
points  where  the  Ohouteau-like  layer  outcrops  in  these  upper 

*Geo.  Rept.  Country  along  line  of  Southwestern  Branch  of  Pacific  Railroad, 

1S59. 
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formatioDfl,  will  be  mentioned  in  the  description  of  the  Upper 

and  Lower  Burlington  limestones. 

The  variation  in  strnctaral  characteristics  which  has  already 

been  mentioned  in  speaking  of  the  preceding  formation,  is 

equally  possessed  by  the  Ohoatean,  a  gradaal  transition  from 

shallow  waters  to  deeper  sea  deposits  being  well  exemplified 

in  this  formation. 

In  passing  from  the  Springfield  fold,  either  to  the  north  or 
sonth,  especially  in  the  latter  direction,  and  on  the  soathern 
slope  of  the  Morrisville-Brighton  fold,  a  few  typical  sections 
will  be  given  illustrating  these  transition  stages. 

On  the  northern  slope  of  the  Springfield  fold,  in  the  north- 
western sections  of  Tp.  29  N.,  B.  XXI  W.,  the  south  fork  of 
Dry  Sac  cuts  through  the  Lower  Burlington  into  the  Ohoutean, 
as  will  be  seen  by  reference  to  the  map. 

In  Tp.  29  N.,  B.  XXI  W.,  Sec.  3,  If  w.  qr.,  the  following 
section  is  obtained : 

Feet. 

2.    Lower  Barling^on  ( slope ) 30 

1.    Chouteau 80 

About  300  feet  to  the  east,  a  Hannibal  sandstone  juncture 
with  Ohouteau  is  exhibited  in  the  bank  of  a  small  stream,  and 
the  barometer  indicates  a  thickness  of  30  feet  for  the  latter. 
Just  beyond,  a  fine  large  spring  issues  from  a  cave-like  fissure 
in  the  bluff.  This  was,  undoubtedly,  at  one  time,  a  Ohouteau- 
Hannibal  contact  spring,  as  is  evinced  by  the  broken  and  tum- 
bled blocks  of  Ohouteau  around  the  spring.  The  rock  is  here 
a  heavy-bedded,  hard  and  compact,  yellowish  to  buff  limestone. 
It  is  quite  uniform  in  texture,  and  contains  miniature  crystals  of 
oalcite,and  occasionally  minute  crustals  of  pyrites.  It  is  here, 
as  elsewhere,  an  impure,  arenaceous,  magnesian  limestone. 

At  Gibson  spring,  near  the  head  of  Pierson  creek,  the  fol- 
lowing section  was  obtained : 

Feet. 

i.    Lower  Burlington  chert 20 

1.    Ohouteau 30 

The  lithological  characteristics  are  similar  to  those  in  the 
section  given  above. 
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Weller  obtained  the  following  section  down  the  blaff  to 
the  James  river,  near  Oompton  (Tp.  29  N.,  E.  XIX  W.): 

Feet. 

6.  Chert 20 

5.  Upper  Burlington  limestone 85 

4  Burlington  chert  and  limestone 45 

3.  Chouteau 40 

2.  Hannibal  sandstone  and  shale 88 

1 .  Louisiana  limestone  and  Devonian  (exposed) 22 

This  gives  the  maximam  thickness  of  the  Ghoatean,  as  far 
as  observed  in  the  area.  It  shoald  be  noted  here  that  these 
three  sections,  taken  on  the  slopes  and  near  the  axis  of  the 
Springfield  fold,  give  a  hard,  compact  and  heavy-bedded,  sandy, 
magnesian  limestone,  and  the  contact  between  the  Ohontean 
and  the  Hannibal  sandstone  below  is  well  defined,  while,  in 
the  sections  following,  running  from  west  to  east,  and  south- 
ward a  few  miles  from  the  section  jnst  given,  the  contact  is 
obscnre,  and  the  rocks  become  softer,  more  earthy  and  shaly, 
the  sandstone  of  the  Hannibal  being  almost  wholly  absent.  At 
the  Pierson  Greek  mines,  the  following  section  is  obtained : 

Feet. 

4     Lower  Burlington  chert  and  limestone 60 

3     Chouteau  limestone 30 

2.  Hannibal  shales 40 

1.    Devonian 10 

In  this  section  advantage  is  taken  of  a  shaft  65  feet  deep 
at  the  foot  of  the  blnff,  which  penetrates  through  the  Phelps 
sandstone  of  the  Devonian,  the  Louisiana  being,  apparently, 
wanting  at  this  point.  The  Ghouteau  here  is  quite  uniform  in 
texture,  more  earthy  and  darker  colored,  and  it  graduates  less 
abruptly  into  the  Hannibal  shales,  the  Hannibal  sandstone 
being  entirely  absent. 

In  the  northwestern  part  of  Tp.  29  N.,  B.  XX  W.,  Sec.  6, 
on  the  west  bank  of  the  James  river,  where  the  Rockbridge 
road  crosses  the  iron  bridge,  40  feet  of  Lower  Burlington  and 
30  feet  of  Ghouteau  are  found  in  the  bluff,  the  juncture  be- 
tween the  Ghouteau  and  the  Hannibal  shales  being  in  the  bed 
of  the  stream,  and  the  James  flowing  at  this  point  upon  the 
upper  beds  of  the  Hannibal  shale,  the  sandstone  being  almost 
wholly  absent. 
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At  the  Peacher  spring,  near  Henderson,  four  distinct  strata 
were  noted  composing  the  Ohouteau.  The  upper  bed  is  in 
thin  layers,  about  fonr  feet  in  thickness,  made  np  of  soft,  easily 
crashed,  yellow,  fine-grained,  arenaceous,  impure  magnesian 
limestone.  The  second  layer  about  six  feet  in  thickness,  is  a 
bluish  gray  to  yellowish  shale,  somewhat  resembling  the  Lower 
Burlington  in  color  and  texture*  but  is  rather  fissile,  hard,  fine- 
grained, more  compact,  light  colored,  and  contains  occasionally 
small  interspersed  crystals  of  calcite.  The  next  layer  of  ten 
feet  is  more  heavily  bedded  and  darker  yellow  in  color.  It 
contains  some  calcite  crystals  and  imbedded  in  it  are  also  found 
lenticular  masses  of  chert  resembling  those  of  the  upper  Burl- 
ington, but  more  regularly  arranged  in  layers.  One  very  strik- 
ing peculiarity  is  the  presence  of  rather  large  crystals  of 
calcite  embedded  in  the  lenticular  masses  of  chert,  seeming  to 
surround  cavities  of  soft,  decomposed,  ferruginous  material. 
Though  this  chert  is  hard,  it  is  very  impure  and  contains  a  large 
amount  of  magnesia  and  lime.  Some  of  it  near  the  bottom  of 
the  layer  is  almost  like  the  rock  proper  in  texture,  color  and 
composition.  None  of  the  masses  exceed  one  foot  in  length 
and  three  inches  in  diameter  and  the  majority  of  them  are  much 
smaller.  The  fourth  or  lowest  layer  is  from  ten  to  twelve  feet 
thick,  is  heavily  bedded,  very  soft,  finely  granular,  crushing 
easily  into  a  sandy  substance  of  a  dark  yellowish  color.  There 
are  a  few  small  cavities  filled  with  soft,  ferruginous  matter.  The 
weathering  of  this  stratum  along  the  bluff  and  the  alternation 
of  the  softer  and  harder  layers  gives  the  rock  a  laminated  ap- 
pearance. The  thin  laminae  pass  so  gradually  into  the  shale 
below  that  it  is  often  difficult  to  determine  just  at  what  horizon 
the  distinctive  lithological  characteristics  of  the  Ohouteau  end 
and  those  of  the  Hannibal  begin. 

Nearly  due  east  of  the  Peacher  spring,  in  Tp.  28  K,  B.  XIX 
W.,  Sec.  10,  Ne.  qr.,  is  the  Sheridan  spring.  It  rises  from  a 
crevice  in  a  bluff  on  the  north  side  of  the  southern  branch  of 
Panther  creek.  About  30  feet  of  Ohouteau  overlies  the  shales 
over  which  the  stream  runs.  The  distinction  into  four  beds 
somewhat  similar  to  those  at  the  Peacher  spring  is  noted.    The 
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lower  bed  is  harder  in  the  apper  part,  and  becomes  very  soft 
where  it  graduates  into  the  shales  below.  The  dip  of  the 
strata  here  is  strongly  to  the  west  and  south.  Attention  is 
again  called  to  the  insensible  gradation  of  the  Ohouteau  into 
the  shales.  About  8  feet  of  the  shales  outcrop  here.  These 
disintegrate  much  more  rapidly,  leaving  the  Ohouteau  over- 
hauging  the  Hannibal  strata,  causing  an  undermining  of  the 
Ohouteau,  which  breaks  off  into  large  blocks  and  falls  into  the 
stream  below. 

Sections  obtained  in  the  southern  limit  of  the  district  show 
a  decided  thinning  out  of  the  Ohouteau,  and  an  increase  in  the 
thickness  of  the  Devonian  beds  and  the  First  Magnesian  lime- 
stone. At  the  Southworth,  formerly  Johnson,  quarry  ( Tp.  27 
N.,  B.  XX  W.,  Sec.  15,  Ne.  i  of  Ne.  qr.),  4  miles  northwest  of 
Sparta,  the  Ohouteau  thins  out  to  about  6  inches,  and  from  this 
point  to  the  western  limit  of  the  district  it  is  quite  attenuated. 

The  most  typical  example  is  found  in  Tp.  27  N.,  B.  XXII W., 
Sec.  36.  In  a  bluff  on  the  north  side  of  the  Finley,  at  the  Gil- 
more  mill,  is  found  an  outcrop  near  the  water's  edge  of  about 
6  feet  of  Ohouteau  overlyiug  the  Hannibal  shale.  Here  the 
rock  is  very  friablci  soft,  earthy  and  dark  yellow  in  color.  It 
weathers  in  a  most  extraordinary  manner,  decomposing  rapidly 
into  a  yellowish,  sticky  clay,  which  imbeds  pisolitic  or  agglut- 
inated nutmeg-shaped  masses  of  harder  material,  resembling, 
in  color,  the  original  rock.  An  apparent  gradual  transition  of 
the  chert  is  found  here,  though  entirely  unlike  that  which  was 
described  at  the  Peacher  spring. 

The'  study  of  the  chert  in  the  Ohouteau  will,  it  is  believed, 
throw  some  light  upon  the  abstruse  problem  of  the  origin  of 
chert,  a  subject  that  should  be  more  carefully  investigated. 

I^ortheast  of  the  Oilmore  mill,  at  Linden,  in  the  southeast- 
ern part  of  Tp.  27  N.,  B.  XX  W.,  Sec.  9,  are  found  about  15  feet 
of  Ohouteau  resting  upon  the  shales. 

In  the  southeastern  corner  of  Tp.  27  N.,  B.  XIX  W.,  thin 
beds  of  from  6  to  8  feet  of  Ohouteau  are  found  in  the  bluffs 
along  the  banks  of  Lost  creek.    The  rock  is  slightly  harder 
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than  at  the  Gilmore  mill,  and  is  only  occasionally  seen  throngh 
the  slope  of  Lower  Barlington  chert. 

To  the  west  of  Gilmore  mill,  the  last  ontcroppings  found 
are  along  the  James  river  in  Tp.  27  N.,  R.  XIX  W.  In  a 
draw,  in  Tp.  27  N.,  R.  XXI  W.,  Sec,  29,  where  the  shafts  of 
the  Delaware  mining  company  are  situated,  but  ten  feet  of 
Chouteau  are  found.  The  well-section  at  the  Metropolitan 
power-house,  in  the  city  of  Springfield,  gives  about  30  feet  of 
Ohouteau  at  a  depth  of  210  feet. 

Ontcroppings  of  the  Ohouteau  in  the  north  half  of  the 
area  are  mainly  confined  to  the  slopes  of  the  bynclinal  valley 
that  stretches  from  Northview  to  Graydon  Springs.  Along 
this  stretch  of  country,  particularly  on  the  southern  slope  of 
the  Graydon-Northview  anticline,  numerous  faults  have  ele- 
vated this  formation  above  its  proper  position.  North  of 
Strafford,  the  beds  are  either  greatly  denuded  or  very  thin. 
At  the  Lamb  spring,  northeast  of  the  station,  a  section  of 
about  six  feet  of  Ohouteau  is  shown;  but  northwestward^ 
along  the  Sac,  which  flows  nearly  through  the  center  of  Frank- 
lin township,  the  Ohouteau  rapidly  thickens.  East  of  the 
Springfield  and  Fair  Grove  road,  in  Tp.  30  N.,  R.  XXI  W.,Sec. 
23,  in  the  bluff  which  divides  the  Sac,  there  is  an  interesting 
section.  On  the  south  side  it  is  quite  precipitous  with  a  height 
of  about  70  feet  above  the  stream,  of  which  25  feet  is  the  typ- 
ical heavily  bedded  Ohouteau,  overlying  about  40  feet  of 
Hannibal  sandstone  and  shale.  East  and  west  of  this  point 
the  Ohouteau  outcrops  on  both  sides  of  the  stream  form- 
ing, in  places,  mural  bluffd.  On  the  north  side  of  the  Sac, 
on  the  Beckner  place  (Tp.  23  N.,  R.  XXX  W.,  Sec. 
21),  a  good  section  is  shown  40  feet  above  the  bed  of  the 
stream,  the  lower  10  feet  of  the  Ohouteau  outcropping  in  a  ver- 
tical bench,  the  bottom  layers  being  thin,  soft  and  shaly,  the 
transition  beds  to  the  Hannibal.  Above  these  the  rock  is 
heavily  bedded  and  fossiliferons,  exhibiting  the  usual  irregular 
oonchoidal  weatheriog.  Above  the  bench  and  underlying  the 
Lower  Barlington  chert  which  caps  the  hill  there  is  a  slope  of 
G-7 
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10  feet  of  irregular  thin  layers,  alternatiDg  with  ohert.  One 
mile  to  the  west  at  the  Hunt  mill  ( Tp.  30  N.,  B.  XXI  W.,  Sec. 
32),  is  one  of  the  most  piotnresqne  points  in  the  township,  and, 
in  many  respects,  one  of  the  best  exposures  of  the  Ohonteau. 
A  stream  issues  from  a  small  cave  at  the  head  of  a  narrow 
gorge  midway  op  the  bluff.  The  water  is  conveyed  for  several 
hundred  feet  along  the  edge  of  the  bluff  by  a  race-way  to  the 
mill-flume.  The  spring  has  evidently  cut  back  the  gorge  sev- 
eral hundred  feet  from  the  Sac  by  eroding  and  undermining 
the  softer  shales  beneath.  The  following  section  is  shown  at 
this  point : 

Feet. 

1.  LlDiestone,  lower  Burlington. 40 

8.    Limestone,  Chouteau,  dark  yellow,  heavily  bedded,  containing 

numerous  small  masses  of  calclte  and  In  the  lower  layers 
frequently  balls  or  nodules  of  pyrites  and  a  number  of  fos- 
sils     26 

2.  Shale.  Hannibal 40 

1.    Slope  to  bed  of  Sac 10 

Just  west  of  this  section  the  Springfield  and  Buffalo  road 
skirts  a  high,  beetling  bluff  capped  by  Ghouteau.  Northward, 
on  the  Buffalo  road  the  first  outcroppings  of  the  Ghouteau  are 
along  the  line  of  faulting  on  the  Oraydon-Northview  anticline 
near  Edmiston  hill  (Tp.  31  N.,  B.  XXI  W.,  Sec.  35),  but  it  is 
difficult  to  obtain  a  good  section  as  the  faulting  has  so  crushed 
the  beds  as  to  make  them  an  easy  prey  to  the  elements,  and 
only  a  few  feet  are  exposed.  For  several  miles  southeastward 
along  this  faulting,  no  good  sections  are  found  except  at  Lamb 
spring  (Tp.  30  N.,  E.  XX  W.,  Sec.  24),  where  the  rook  thins 
out  to  about  6  feet.  The  Ghouteau  thins  out  decidedly  in  this 
direction,  while  the  Hannibal  thickens  correspondingly.  Simi- 
lar conditions  are  found  northeast  of  Edmiston  hill,  on  the 
Buffalo  road,  where  the  numerous  mounds  in  the  neighborhood 
give  sections  of  the  Kinderhook  beds. 

On  the  Ebenezer  and  Marshfied  road,  just  west  of  the  cross- 
ing of  the  Buffalo  road,  several  springs  issue  from  the  foot  of  the 
bluff  on  the  Headlee  farm  (Tp.  30.,  B.XXI  W.,  Sec.  3,  Nw.qr.). 
The  Ghouteau,  with  typical  lithologtcal  characters,  is  exposed 
to  a  heighth  of  35  feet.    Northeastward,  outcrops  along  Sims 
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branch  and  the  Dry  Sao  indicate  considerable  variation  in 
thickness,  but  a  constant  tendency  towards  an  increase  in  the 
Hannibal,  and  a  decrease  in  the  Ghontean.  This  is  shown  at  a 
nnmber  of  places,  particularly  in  the  blafiP  at  the  junction  of 
King  branch  and  Dry  Sac,  where  it  is  15  feet  thick.  On  the 
hill  toward  the  Sao  river ( Tp.  30  N.,  B.  ;XXII  W.,  Sec.  9),  on 
the  Gave  Spring  and  Ebenezer  road,  only  10  feet  of  Ghontean 
are  found.  A  short  distance  south  of  Morrisville,  on  the 
Springfield  road,  12  feet  of  the  Ghouteau  overlie  50  feet  of 
Hannibal  sandstones  and  shales ;  and  at  the  Thorp  drill- well, 
west  of  Brighton,  the  thickness  of  the  Ghouteau  is  about  30 
feet,  with  over  70  feet  of  Hannibal. 

The  Ghouteau  is  too  thin  to  form  much  of  an  ore  horizon. 
Where  there  has  been  opportunity  for  studying  the  fissnes  that 
pass  through  it,  very  little  ore  has  been  found.  Its  structure 
seems  eminently  unfavorable  for  the  accumulation  of  an  ore 
body.  As  a  building  material,  some  of  the  harder  arenaceous 
beds  would  probably  justify  a  more  general  use.  Its  color  is 
handsome,  and  it  presents  a  strong  contrast  to  the  Upper  Bur- 
lington and  Magnesian  limestones  that  are  so  generally  used. 
It  will  undoubtedly  replace  some  of  the  trimmings  tbat  are 
now  imported  at  considerable  expense. 

There  are  but  few  quarries  of  this  stone.  One  is  in  Tp.  29 
N.,  B.  XIX  W.,  Sec.  7,  where  a  small  amount  has  been  taken 
out;  and  another  is  the  Peacher  Springs  quarry,  which  is  used 
by  the  village  of  Henderson  and  vicinity  for  house  foundations, 
ohimneys  and  other  purposes.  On  the  James  river,  south  of 
the  railroad  bridge  (Tp.  29  N.,  B.  XX  W.,  Sec.  32),  a  quarry  has 
been  opened  for  a  great  many  years,  stones  taken  from  which 
are  now  standing  in  the  pillars  of  the  Gourt  House  at  Spring- 
field, where  they  have  been  exposed  to  wind  and  weather,  but 
are  marred  only  by  the  vandalism  of  man.  The  same  stone  has 
also  been  used  in  the  piers  of  railroad  and  other  bridges.  It 
is  far  more  durable  as  a  building  stone  than  one  would  expect 
from  the  weathering  seen  in  the  bluffd.  It  is  easily  quarried, 
and  handsome,  and  deserves  a  much  wider  use.  The  clays 
resulting  from  decomposition  of  some  of  the  argillaceous  beds 
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might  be  used  in  brick-making.    Ordinarily,  the  soil  resnlting 
from  this  formation  is  rich,  and  forms  some  fine  farming  lands. 

The  scenery  prodaced  by  the  Kinderhook  beds  is  so  strik- 
ing that  a  little  experience  enables  one  to  recognize  them  at 
some  distance.  Bounded  hills,  with  gentle  slopes  and  terraces^ 
are  the  characteristic  features  which  give  a  very  pleasing  effect 
to  the  country.  On  wild  land,  the  sumac  grows  luxuriantly 
along  these  terraces.  Mounds  and  low  bnttes  frequently  occur 
from  the  weathering  of  the  softer  shales  beneath.  Quite  a 
striking  series  of  these  rounded  mounds  is  seen  along  the 
Oraydon-Northview  anticline,  north  of  Strafford,  in  T.  30  N., 
R.  XX  W. 

Owing  to  the  fact  that  these  deposits  represent  the  sedi- 
ments dropped  by  turbid  waters,  fossils  are  not  very  abundant. 
In  the  argillaceous  and  calcareous  beds,  however,  are  occa- 
sionally found  some  well-preserved  forms,  while  they  are  rarer 
in  the  arenaceous  b^eds,  and  generally  in  the  form  of  casts. 

The  best  points  for  collecting  will  be  found  in  the  out- 
crops on  Sao  river,  in  Tp.  30  N.,  B.  XXI  W.,  between  the 
Holman  quarry  on  the  Springfield  and  JB^air  Orove  road,  and 
Hunt's  mill  near  the  Buffalo  road — especially  the  latter.  A  few 
imperfect  brachiopods  were  found  in  Tp.  27  N.,  B.  XXI  W.^ 
Sec.  3  Nw.  qr. 

Augusta  Limestone,  The  term  Augusta  is  applied  to  a  snc« 
cession  of  limestones  found  in  southwestern  Missouri  which 
heretofore  have  had  local  names  applied  to  them  but  invaria- 
bly without  definition.  The  title  covers  what  in  the  north- 
eastern part  of  the  state  and  adjoining  country  was  formerly 
subdivided  into  five  separate  formations:  (1)  Lower  Bur- 
lington limestone,  (2)  Upper  Burlington  limestone,  (3)  Keokuk 
limestone,  (4)  Geode  bed,  and  (5)  Warsaw  shales.  The  advisa- 
bility of  uniting  the  first  three  under  a  single  head  was  pointed 
out  as  long  ago  as  1889,*  and  subsequentlyf  the  name  Osage 
was  proposed.    Soon  afterwards,!  in  southeastern  Iowa  and 

♦Am.  Jour.  8cl.  (3).  vol.  XXXVIII,  p.  193,  1889. 
tU.  8.  Geol.  Sur.,  Ball.  80,  p.  109, 1899. 
Uowa  Geol.  8ur..  vol.  I.  p.  69. 1693. 


THB  AUGUSTA  BBDS.  101 

northeastern  MisBoari,  careful  examination  of  the  lower  Oar- 
boniferons  beds  and  an  extended  study  of  the  fossils  collected 
at  the  various  horizons  showed  beyond  all  doubt  that  the 
^'Geode'^  and  the  typical  Warsaw  beds  were  properly  a  part  of 
the  Keokuk  formation,  and  all  five  members  were  united  under 
a  single  4erm  Augusta. 

The  title  Augusta  has  only  recently*  been  applied  to  the 
rocks  in  southwest  Missouri.  As  this  is  so  far  from  the  original 
locality  in  southeastern  Iowa,  the  data  for  such  determinations 
may  be  summarized.  ^*  In  order  that  the  sections  in  southwest- 
ern Missouri  might  be  accurately  correlated  with  the  typical 
localities  as  a  basis  for  future  detailed  work,  the  lower  Oar- 
boniferons  strata  were  carefully  traced  from  Iowa  southward 
along  the  eastern  border  of  the  state ;  all  the  original  locali- 
ties were  examined  in  detail,  and  full  collections  of  fossils 
made.  From  northeastern  Missouri  the  strata  were  similarly 
traced  across  the  state  into  the  southwest.  The  Kinderhook, 
Upper  Burlington  and  Lower  Burlington  limestones  were 
found  to  extend  the  entire  distance  with  almost  no  lithological 
or  faunal  change.  But  with  the  Keokuk  and  higher  formations 
of  the  lower  Carboniferous,  which  are  so  well  displayed  in 
southeastern  Iowa,  some  startling  facts  developed  in  progress- 
iug  southwestward.  After  passing  the  Missouri  river,  where 
at  Boonville,  these  rocks  occur  with  abundant  and  character- 
istic fossils,  the  Keokuk  beds  soon  vanished.  At  Sedalia,  and 
for  60  miles  beyond,  no  Keokuk  or  higher  beds  of  the  lower 
Oarboniferous  limestone  appeared  to  be  exposed,  and  the  coal 
measures  rested  directly  upon  the  Burlington.  This  was,  in- 
deed, clearly  demonstrated  nearly  a  quarter  of  a  century  ago. 
It  is  at  this  part  of  its  southwestern  extension  in  Pettis,  Ben- 
ton and  St.  Glair  counties  that  the  lower  Garboniferous  zone 
abruptly  narrows  from  a  width  of  75  miles  on  the  north  and 
south  to  less  than  a  dozen  miles.  At  some  points  the  belt  is 
reduced  to  a  mere  thread,  as  it  were,  with  only  a  limited  ver- 
tical exposure  disclosed  by  some  stream,  the  Ghouteau  lime- 
•stone  being  below  and  the  coal  measures  in  the  bluffs  above. 

*Ml8soarl  Geol.  Sur.,  vol.  IV.,  p.  59,  1891. 
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Such  a  place  was  at  the  Osage  river.  Repeated  search  and 
rather  extensive  collections  of  fossils  from  the  various 
levels  failed  to  disclose  anything  of  the  lower  Garboniferons 
above  the  Barlington.  Probably  the  featare  which  most  dis- 
gaises  the  lower  Garboniferons  rocks  of  sonth western  Mis- 
souri is  the  great  prevalence  of  chert ;  and  in  the  absence  of  a 
careful  examination  of  the  fossils  much  difficulty  has  been  en-^ 
countered  in  the  interpretation  of  the  stratigraphical  problems 
presented."* 

Still  more  recently!  it  has  been  urged  that  the  term  Osage 
is  the  proper  name  to  apply  to  the  middle  Mississippian  strata 
of  the  state.  But  the  objections  to  this  name  are  many.  The 
Osage  river,  from  which  the  term  was  derived,  flows  for  the 
greater  part  of  its  course  through  limestones  of  Silurian  age. 
The  upper  portion  of  the  stream  traverses  only  the  shales  of 
the  Goal  Measures.  Only  a  very  small  portion  touches  the 
Lower  Garboniferons  at  all ;  and  then  only  the  inferior  portion 
of  the  Burlington  limestone.  The  ^^Osage  country,"  as  widely 
known  since  the  first  settlement,  applies  distinctly  to  the  lower 
waters  of  the  stream.  Recent  visits  have  disclosed  no  Keokuk 
whatever  at  the  place  in  question.  One  of  the  chief  reasons 
for  proposing  Osage  was  that  the  beds  of  southwestern  Mis* 
souri  were  thought  to  contain  a  mingling  of  faunas  of  both 
Burlington  and  Keokuk  beds.  The  Kinderhook,  Burlington 
and  Keokuk  beds  are  as  sharply  contrasted  lithologically, 
faunally  and  stratigraphically  as  in  southeastern  Iowa.  From 
the  foregoing  it  would  seem  that  the  ^^Osage"  formation,  at  its 
typical  locality  is  practically  co-extensive,  and  therefore  syn- 
onymus,  with  the  Burlington  limestone. 

Wellei|  has  lately  set  forth  arguments  to  show  that  the 
name  ascribed  has  priority  over  that  of  Augusta,  but  in  doing 
this  it  is  very  clear  that  the  question  is  entirely  misunderstood. 
It  is  true  that  the  former  was  proposed  before  the  latter;  but 
this  does  not  necessarily  indicate  that  it  has  priority.    The 

*  American  Geologist,  vol.  XVI,  pp.  88-98, 1895. 
lAm.  Jour.  Set.  (8),  vol.  XLIX,  p.  186.  1895. 
^Am.  Joar.  Scl.  (3),  vol.  XLIX,  p.  186»  1895. 
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two  terms  are  not  coextensive,  as  is  urged.  In  reality  the  first 
embraces  only  the  lower  three  members  of  the  second.  There 
is  still  another  point  mentiooed  by  Weller  as  a  reason  for 
adopting  the  name  Osage.  It  is  the  alleged  presence  of  the 
Keoknk  at  Springfield  ;  and  lists  of  fossils  are  given  to  show 
that  the  Keokuk  fauna  exists  there.  All  of  the  localities  at 
which  Keoknk  forms  were  claimed  to  have  been  found  have 
recently  been  visited  in  company  with  one  who  is .  thoroughly 
familiar  with  the  typical  Keokuk  in  Iowa,  and  not  a  single  trace 
of  a  fossil  was  found  that  could  be  referred  to  that  horizon. 
Not  a  species  occurred  that  ever  belonged  to  the  transition 
beds  between  the  Keokuk  and  Upper  Burlington  ;  all  were 
characteristic  of  the  latter  alone.  Oarefnl  revision  of  the  list 
of  fossils  given  as  belonging  to  the  typical  Keokuk  will  show 
that  all  the  former  should  be  referred  to  the  typical  Burlington 
species. 

Lowtr  Burlington  Limestone.  Next  to  the  upper  division 
of  the  Augusta  of  this  region,  this  formation  has  the  widest 
distribution  of  any  rock  in  the  area.  The  dip  of  the  strata  to 
the  southwest  buries  it  beneath  the  upper  member  in  the  west- 
ern tier  of  townships.  It  reaches  a  maximum  thickness  of  a 
little  over  100  feet  in  the  eastern  and  southeastern  part  of  this 
region,  thinning  out  and  eventually  disappearing  toward  the 
north.  It  averages  about  70  feet  in  thickness.  It  is  best  ex- 
posed around  Bogersville,  in  Benton  township,  Webster  county. 
The  formation  may  well  be  separated  into  three  divisions. 

The  upper  beds  of  the  Lower  Burlington  are  made  up  of 
from  5  to  20  feet  of  yellowish-white,  very  hard  chert,  which 
breaks  with  a  conchodial  or  splinterly  fracture,  some  frag- 
ments beiug  as  sharp  as  a  knife  blade.  This  chert  is  apparently 
non-fossiliferous.  It  sometimes  has  a  bluish  cast,  but  is  more 
usually  pure  white  with  an  external  yellow  tinge,  due  to  iron. 
The  amount  of  chert  increases  toward  the  south  from  Spriug- 
field.  One  section  in  northern  Arkansas  gives  J 65  feet  of 
almost  solid  chert,  darker  color,  but  still  possessing  the  great 
hardness  and  peculiar  fracture  which  characterizes  the  white 
variety.    The  Burlington  cheit  predominates  south  of  the  area. 
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on  the  flanks  of  the  Ozark  nplift,  in  as  pronounced  a  manner 
as  does  the  Upper  Burlington  near  the  center  of  the  nplift. 
Most  of  the  ridges  in  the  southern  tier  of  counties  in  south- 
western Missouri  and  in  northern  Arkansas  are  broken  Bur- 
lington cherts,  while  the  streams  cut  into  the  Magnesian 
limestone.  This  almost  indestructable  chert  covers  the  surface 
of  the  Burlington,  and  it  slopes  in  the  southern  half  of  this 
area  in  such  a  manner  as,  in  many  cases,  to  bury  the  Ohouteau, 
thus  making  it  very  difficult  to  obtain  sections  in  this  horizon, 
or  to  properly  mark  out  the  extent  of  the  last  named  forma- 
tion. It  is,  however,  in  general,  a  very  valuable  lithological 
characteristic,  and  it  again  illustrates,  in  its  percentage  increase 
to  the  south,  the  deeper  ocean  in  that  direction.  Its  abundance 
at  the  close  of  the  epoch  which  marked  the  deposit  of  the 
Lower  Burlington  limestone  indicates  deep  water  and  the  quiet 
conditions  that  preceded  the  elevation  producing  the  uncon- 
formity that  exists  between  this  formation  and  the  Upper 
Burlington  in  this  area,  and  which  helped  to  bring  about  con^ 
ditions  favorable  for  the  abundance  of  life  which  made  the  fine 
limestones  of  the  Upper  Burlington. 

In  a  low  bluff  on  the  east  side  of  the  James  river,  south  of 
the  Oibson  ford,  alternating  beds  of  limestone  from  6  to  18 
inches  in  thickness  outcrop  in  ledges  which  lithologically  re- 
semble Ohouteau.  The  upper  layers  of  these  beds  are  a  light 
brownish  yellow,  the  lower  being  darker,  more  Ohouteau-like, 
and  carrying  minute  particles  of  calcitei.  There  are  20  feet  of 
the  Ghouteau-like  beds  which  overlie  about  the  same  thickness 
of  alternating  beds  of  this  shaly,  nodular  chert,  with  softer 
crinoidal  layers  and  the  typical  hard  blue  limestone.  It  was 
somewhat  difficult,  for  wantof  paleontological  evidence,  to  de- 
cide whether  this  represented  the  Ohouteau-like  layer  of  the 
Upper  Burlington,  resting  on  the  Lower  Burlington,  or  whether 
it  was  a  distinct  bed  of  similar  characteristics  belonging  to 
the  latter.  Evidence  obtained  from  the  outcroppings  above 
and  below  this  point  on  the  river  rendered  the  latter  view 
more  probable.  This  same  peculiar  structure  has  been  noted 
at  several  other  places.    As  far  as  investigated,  this  layer  in- 
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ureases  toward  the  sonth,  and  it  ia  qnite  probable  that  it  may 
be  the  northern  eqaivalentf  in  the  Lower  Barlington,  of  the 
marble  beda  which  underlie  the  maaaive  chert  depoaita  of  that 
formation  in  the  northern  part  of  Arkanaaa,  and  in  the  aonth- 
ern  tier  of  coantiea  in  Miaaonri. 

The  baaal  portion  of  the  lower  Bnrlin^^on  ia  made  np  of  a 
heavily  bedded,  bloiah  or  alate  colored,  fine-£:rained,  very  hard 
limeatone  which  ia  often  interaperaed  with  lenticular  maaaea  of 
chert  in  the  north,  and  which,  toward  the  aoath,  aa  aeen  in  the 
little  bluff  juat  north  of  Ozark,  becomea  mixed  with  the  lime 
in  the  moat  extraordinary  manner.  The  chert  haa  the  appear- 
ance of  having  been  aqneezed,  laterally,  in  great  rolla  into  the 
thin  layera  of  limeatone.  At  the  Bobberaon  mill,  near  the 
mouth  of  Parched  Gorn  creek,  ia  a  aucceaaion  of  numeroua 
alternating  beda  of  chert  and  limeatone  only  a  few  inchea  in 
thickneaa.  A  atill  finer  example  of  theae  alternating  beda  ia 
foand  on  the  Garter  farm,  1  mile  aontheaat  of  Linden  ( Tp.  27 
K.,  B.  XX  W).  Here  ia  a  bold  vertical  bluff  about  50  feet  in 
height,  made  up,  mainly,  of  thin  layera  of  limeatone  and  chert 
ao  aa  to  reaemble  a  waU  of  maaonry.  The  proportion  of  chert 
in  the  lower  beda  preaenta  the  aame  inoreaae  aa  ia  noted  in  the 
upper  beda. 

The  Metropolitan  well-aection  at  Springfield  givea  a  thick- 
neaa of  70  feet  for  the  Lower  Burlington  limeatone.  To  the 
eaat,  Pieraon  creek,  along  the  greater  part  of  it  a  courae,  cnta 
through  the  upper  member.  In  Taylor  townahip  ( Tp.  29  N., 
B.  XX  W.),  on  account  of  the  aonthweaterly  dip  of  the  atrata, 
the  aame  rock  occura  aa  a  penumbral  margin  to  the  upper 
diviaion  which  forma  the  aummita  of  the  hilla  on  both  aidea  of 
the  Jamea  river.  The  greater  part  of  the  aonthern  tier  of 
aectiona  ia  alao  covered  by  it.  In  Dallaa  townahip,  Webater 
county,  the  Burlington  chert  forma  the  aurface  rock  of  the 
entire  dlatrict,  with  the  exception  of  the  valleya  of  the  Jamea 
river  and  Panther  creek.  Good  aectiona  of  the  limeatonea are 
obtained  along  the  bluffa  on  the  firatnamed  atream,  eapecially 
one-half  mile  below  Ingram  mill,  in  Glay  townahip.  Here  the 
Burlington  ia  expoaed  in  the  bed  of  the  atream  to  a  height  of 
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70  feet  aboTe  the  Ohonteau.  The  upper  beds  here  are  bine, 
compact,  very  hard,  and  break  with  conohoidal  fractare.  The 
middle  layers  are  softer,  and  in  places  decompose,  and  under- 
mine the  upper  layers.  Below  is  a  hard,  more  heavily  bedded, 
compact  and  dark  blue  limestone,  which  breaks  with  a  splintery, 
conchoidal  fracture. 

Nearly  the  whole  of  the  northwest  corner  of  Washington 
townsfiip  is  underlaid  by  this  limestone,  forming  a  continuation 
of  the  great  lower  Barlington  plateau  that  stretches  north  and 
south  through  the  adjoining  townships. 

Passing  southward,  in  Tp.  29  N.,  B.  XIX  W.,  in  Ghristian 
county,  in  the  sontheastern  corner  of  the  area,  is  found  a  more 
broken  country,  which  the  abundance  of  Burlington  chert  has 
caused  to  be  largely  left  to  timber.  The  scenery  in  this  and 
the  adjoining  township  to  the  west,  along  the  Finley  and  its 
tributaries,  is  very  beautiful.  The  high  ridges  in  the  north 
half  of  the  township  are,  as  before  stated,  covered  with  Lower 
Burlington  chert,  while  to  the  south,  and  especially  to  the 
southeast,  the  country  is  very  much  broken  and  rugged,  with 
high  cherty  ridges  and  narrow,  deep  valleys  running  down 
toward  Swan  creek.  The  gorges  running  down  to  Finley  and 
Petelo  (shot-pouch)  creeks  are,  many  of  them,  very  abrupt, 
narrow,  and  with  precipitous  sides,  making,  perhaps,  the  wild- 
est and  most  picturesque  scenery  in  the  whole  area.  The  hard, 
cherty  Barlington  forms  mural  blnffs  and  escarpments  of  great 
beauty.  The  view  from  the  blufF  on  the  north  side  of  Finley 
(Tp.  27  N.,  B.  XIX  W.,  Sec.  16),  looking  eastward  up  the 
stream,  is  remarkably  fine.  This  bluff  is  about  150  feet  high, 
with  an  exposure  of  abont  65  feet  of  Lower  Burlington.  At 
Haydon  spring  (Tp.  27  N.,  B.  XIX  W.,  Sec.  6)  is  another  fine 
exposure  of  Lower  Barlington.  This  spring  is  situated  at  the 
head  of  a  verjf  narrow  canyon,  about  a  quarter  of  a  mile  west 
of  Petelo  creek.  The  blaffs  rise  to  a  height  of  about  150  feet 
at  the  month  of  the  canyon,  decreasing  to  abont  90  feet  at  its 
head,  where  is  situated  the  lower BurlingtonOhouteau contact 
spring.  At  the  head  of  the  canyon  is  a  fine  exposure  of  Lower 
Burlington  60  feet  thick.    In  Tp.  27  N.,  B.  XX  W.,  on  the 
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north  bank  of  Finley,  the  Lower  Barlington  forms  a  fine  escarp- 
ment for  several  miles.  Another  grand  example  of  these  nar- 
row canyons  is  foand  near  the  middle  of  Tp.  27  N.,  B.  XX  W., 
Sec.  13,  to  the  east  of  the  Bogersville  and  Sparta  road,  on  the 
Johnson  farm.  Here  a  narrow  gorge  130  feet  deep  and  abont 
200  feet  wide  cats  into  the  plateaa  and  terminates  in  a  vertical 
wall  of  Barlington.  At  this  place  the  following  [section  is 
obtained : 

Feet. 

6.    Upper  Burlington  limestone  and  chert 80 

4.    Lower  Burlington 60 

8.    Chouteau 10 

2.    Hannibal  shale lO 

1.    Slope 20 

In  Tp.  27  N.,  B.  XXI  W.,  Sees.  13  and  14,  is  foand  a  con- 
tinuation of  the  blaffs  on  the  north  side  of  the  Finley.  Start- 
ing abraptly  from  the  water's  edge  with  the  heavy-bedded 
limestone,  they  rise  to  a  height  of  from  50  to  70  feet,  and  fol- 
low the  tortaoas  coarse  of  the  river  for  several  miles. 

The  heavy  chert  deposits  of  the  apper  beds  of  the  Lower 
Barlington  increase  in  the  above-mentioned  township,  and  the 
soil,  where  the  chert  is  exposed,  is  generally  poor.  The  middle 
beds  in  this  township  differ  widely  in  stractaral  characteristics 
from  the  oatcrops  in  any  of  the  other  townships,  varying  from 
heavy-bedded  limestone  in  the  north,  and  from  the  nameroas 
thin,  alternating  layers  of  chert  and  limestone  in  the  east,  to 
the  strange  miztare  of  chert  and  limestone  shown  in  the  fol- 
lowing examples : 

Jast  below  the  mill  in  Tp.  27  N.,  B.  XX  W.,  Sec.  7,  Ne. 
qr,,  on  Parched  Oorn  creek,  aboat  12  ft.  of  Barlington  oat- 
crops, and  is  made  ap  of  very  thin  layers  of  compact,  hard, 
fine-grained  blaish  limestone,  alternating  with  chert  in  roanded, 
carved,  cylindrical  masses,  sqaeezed  into  the  limestone  in  the 
pecaliar  form  before  described.  This  peculiar  straotare  is, 
perhaps,  better  stadied  in  a  low  hill  in  section  23,  between  the 
town  of  Ozark  and  the  railroad,  where  is  foand  a  long,  low 
hill  aboat  40  ft.  high  cat  into  by  erosion  on  both  sides,  so  as 
to  well  expose  the  north  and  soath  sides  and  east  end.  The 
sarface  and  a  portion  of  the  slope  is  covered  with  the  charac- 
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teristic  Lower  BarliDgton  ohert,  and  the  middle  layer  beantl- 
fnlly  represents  the  peculiar  stractnre  of  chert  described 
above,  and  is  somewhat  agatized.  The  lower  two  or  three  feet 
change  abruptly  into  a  fine-grained,  very  soft,  and  easily  de- 
composed, thin,  shaly  limestone,  which  has  never  been  seen  at 
any  other  point,  and  which  contains  qalte  a  number  of  fossils. 
The  thickness  of  the  Lower  Burlington  in  this  township  ranges 
from  70  to  100  feet. 

In  Tp.  28  N.,  B.  XXII  W.,  near  the  Noland  mill,  there  are 
from  5  to  12  feet  ot  Lower  Burlington  chert  capping  20  feet 
of  heavily  bedded  limestone.  Along  the  James  river,  the  Bur- 
lington ranges  in  thickness  from  40  to  50  feet. 

In  Brookline  township,  Tyrrell,  Robinson  and  Wilson 
creeks  do  not  cut  through  the  Lower  Burlington,  but  run  for 
miles  through  the  upper  and  middle  beds.  The  more  calcare- 
ous and  less  cherty  structure  of  the  middle  beds  is  here  em- 
phasized. To  the  northwest,  the  chert  deposits  appear  to  thin 
out  considerably.  Thin,  alternating  layers  of  typical  Burling- 
ton chert  and  limestone  occur,  the  latter  slightly  predominat- 
ing, and  the  former  being  slightly  softer  than  usual.  The  lay- 
ers are  extremely  irregular,  thickening,  thinning,  and  penetrat- 
ing one  another.  A  heavy  bed  of  Lower  Burlington  chert 
evidently  overlies  this  deposit.  No  complete  section  is  ob- 
tained. 

North  of  Springfield,  in  Franklin  and  Bobberson  town- 
ships, the  Sac  and  the  South  Dry  Sac  cut  down  into  the  mid- 
dle beds  of  the  Lower  Burlington,  which  is  evidently  much 
thinner  here.  In  Tp.  29  N.,  B.  XXII  W.,  where  the  Doling 
Park-Ebenezer  road  crosses  the  Doling  Park  branch,  a  small 
outcropping  of  Lower  Burlington  is  exposed  on  the  south  side 
of  the  road,  having  been  elevated  by  the  McGracken  fault. 

In  the  vicinity  of  Oraydon  Springs,  in  the  northwest  cor- 
ner of  the  area,  this  formation  seems  to  have  entirely  disap- 
peared. The  same  is  true  at  the  Thorp  drill-well  ( Tp.  32  N., 
B.  XXII  W.,  Sec.  36 ),  and  no  outcroppings  outside  of  the 
area  to  the  north  are  known.  South  of  Morrisville,  on  the 
Springfield  road,  about  12  feet  of  Burlington  is  represented.  At 
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the  Headlee  Place  ( Tp.  31  N.,  B.  XXI  W.,  Seo.  34 ),  it  has  a 
thickness  of  probably  from  35  to  40  feet.  To  the  north,  in  this 
township,  it  becomes  cherty,  and  rapidly  thins  oat.  On  Pres- 
ley hillf  along  the  faulting,  bat  a  little  chert  debris  was  foand. 
In  the  splendid  blaff  at  the  janctare  of  Dry  Sac  and  King 
branch,  there  is  an  oatcroppiog  of  20  feet.  At  the  spring  on 
the  McOaire  form  (Tp.  32  N.,  B.  XXII  W.,  Sec.  34),  bat  12 
feet  of  the  Barlington  are  ei^posed. 

Owing  to  the  indestructibility  of  the  chert,  and  the  ezces* 
sive  hardness  of  the  limestone,  this  formation  presents  the 
most  unfavorable  conditions  possible  for  the  deposition  and 
accummulation  of  an  ore-body ;  hence  the  almost  total  absence 
of  ores  in  paying  quantities  in  this  formation  throughout  the 
southwest.  At  the  Plerson  Greek  mines  a  vein  fissure  extends 
up  into  the  Burlington,  but  the  ore  is  so  scant  as  to  render  that 
part  of  the  mine  valueless.  At  the  Lang  diggings,  just  over 
the  line  of  the  area,  south  of  Ozark,  a  narrow  vein  is  exposed 
in  the  bluff  and  extends  through  the  whole  thickness  of  the 
formation,  up  into  the  Upper  Burlington  above.  The  amount 
of  ore  is  so  small  as  not  to  encourage  mining,  but  it  is  quite 
promising  both  above  and  below  this  formation. 

This  may  be  pronounced  a  barren  horizon  for  ore  in  south- 
west Missouri,  when  the  above  lithological  conditions  prevail. 

As  a  building  stone,  this  rock  can  never  be  so  valuable  as 
it  is  in  the  northern  part  of  the  state.  Usually  it  breaks  in  an 
irregular  manner,  and  contains  much  chert.  There  is  one  point 
in  its  favor  which,  strange  to  say,  has  been  almost  wholly  over- 
looked. Everypnewho  has  driven  over  the  ridge  roads  in  the 
southern  counties  must  have  been  impressed  with  the  way  in 
which  the  chert  packs  down  and  forms  a  natural  macadam 
roadway.  As  a  material  for  macadamizing,  nothing  could  be 
finer  than  this  chert,  and  its  economic  value  in  this  respect 
should  be  emphasized.  The  Lower  Burlington  rock  is  not 
utilized  for  burning  into  lime,  though  it  is  extensively  used  for 
its  manufacture  outside  of  the  area,  in  localities  where  the 
rock  is  less  silicious. 
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Between  the  Upper  and  Lower  Burlington  there  is  con- 
siderable nnconformity.  At  or  near  their  contact  are  the  finest 
and  largest  springs  in  this  district.  The  porous,  coarse-grained, 
cavernons  Upper  Burlington,  with  its  numerous  sink  holes, 
forms  a  fine  reservoir  for  percolating  waters,  which,  meeting 
the  compact  Lower  Burlington  below,  burst  out  as  fine,  cold 
springs. 

Throughout  this  region, but  few  fossils  have  been  found  in 
lihls  formation.  The  best  locality,  and  one  that  has  proved  a 
rich  one  for  the  collector,  is  that  before  referred  to  in  the  shaly 
beds  at  the  foot  of  the  bluff  between  the  town  of  Ozark  and 
the  railroad.  Some  fine  specimens  have  been  obtained  at  this 
point.  One  good  locality,  discovered  by  Mr.  Stuart  Weller, 
may  be  mentioned,  in  Tp.  29,  B.  XXI,  Sec.  14,  Sw.  i  of  Sw.  qr., 
where  some  good  specimens  were  obtained  in  a  dry  run  in  a 
shaly  layer  of  the  Lower  Burlington.  Barely,  the  lower,  heavy- 
bedded  limestone,  upon  weathering,  exposes  a  few  orinoid 
stems,  a  striking  contrast  to  the  magnificent  crinoids  found  in 
this  formation  in  Iowa  and  Indiana.  It  is  probable  that  the 
abundance  of  silica  in  the  water  was  unfavorable  for  crinoids. 
When  the  calcareous  conditions  returned,  in  the  upper  Burling- 
ton, they  became  abundant. 

The  following  fossils  have  beeu  found  in  the  Lower  Burl- 
ington  in  Oreene  county,  those  marked  *  being  given  on  the 
authority  of  Mr.  Weller : 

Spiri/er  forbetii. 
Spiri/er  ndtorbiculaHi ,  Hall. 
SpiHfer  biplicattu.  Hall. 
Spiri/er  marionenHt,  Shamard. 
Spiri/er  grimesi,  Hall. 

*  Spiri/er  Zineo^a,  Martin. 
Producttu  flemingii . 
Produdue  burlingtonensis,  Hall. 
Productut  pundatust  Martin. 

*  Producttu  laevicostui.  White. 
Productui  sp. 
*Orthi8burlingtonetuia,  Hall. 

*  TerebnUula  burlingtoneneie ,  White . 
*Athyri8  lamellota,  L'fivelUe. 
*ChoneteailUnoiensis,  Worthen. 
*DeTbffia  keokuk.  Hall . 
*Entolium  drculua,  Shamard. 
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*PhaneroHnuiparadoanu,  Wlncbell. 
Loxcnematp. 
Platffcerai  ap. 
Murchiaonia  ap. 

Upper  Burlington  Limestone.  The  most  important  forma- 
tion in  the  district  is  the  upper  division  of  the  Burlington 
which  covers  almost  its  entire  southwestern  half.  The  upper 
beds  are  well  shown  in  many  outcroppings  and  in  the  large 
quarries,  railroad  cuts  and  bluffs  around  Springfield.  It  very 
likely  reaches  its  maximum  thickness  of  over  200  feet  here  and 
in  Washington  township,  thinning  out  and  becoming  more  or 
less  modified  toward  the  southeast.  This  alteration  is  due 
partly  to  the  dip  of  the  rocks  and  partly  to  denudation.  The 
upper  portion,  in  nearly  all  sections  that  have  been  obtained, 
is  made  up  of  chert  or  thinly  bedded,  alternating  layers  of 
shaly  limestone  and  chert.  Where  the  shaly  limestone  has 
predominated  and  denudation  has  acted  upon  it,  as  in  the  head- 
waters of  streams  and  around  springs,  the  surface  of  the  ground 
is  covered  with  very  thin,  irregular  slabs  which  are  frequently 
used  for  walls.  These  limestone  beds  are  more  compact  in 
structure  than  those  below,  and  occasionally  they  are  some- 
what oolitic.  Where  the  cherty  layers  predominate,  the  orig- 
inal bedding  is  frequently  almost  wholly  lost  by  disintegration 
and  denudation,  leaving,  in  many  places,  great  beds  of  frag- 
mental  chert  and  residual  clay,  where  the  drainage  has  been 
such  as  to  carry  away  the  more  soluble  calcareous  material. 
This  is  well  exhibited  along  the  bluffs  of  the  James  river  and 
some  of  its  tributaries.  In  other  cases,  where  the  surface 
drainage  has  been  less  vigorous,  there  is  a  very  peculiar  strat- 
ification exhibiting  wave-like  folds.  The  limestone  has  been 
partially  decomposed  and  washed  out,  causing  the  chert,  which 
was  originally  bedded  in  a  horizontal  manner,  to  break  down 
and  leave  short  abrupt  folds  from  5  to  10  feet  across  imbedded 
in  the  red  ferruginous  clays.  At  Springfield  the  chert  is  rich 
in  fossil  remains.  Where  the  drainage  is  slight,  the  chert  is 
left  mixed  with  the  residual  clay  both  from  the  limestone 
belonging  to  it  and  from  the  formerly  overlying  beds  of  fer- 
raginouB  sandstone  in  such  a  manner  as  to  form  a  wet  hard- 
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pan  soil,  making  the  post-oak  flats  so  common  in  many  town- 
ships,  and  especially  jast  sonth  of  the  Oray  don-North  view 
anticline. 

Microscopical  sections  of  the  chert  from  several  localities 
show  an  abundance  of  rhizopod  remains.  The  lentionlar  form 
in  which  the  chert  is  foand  and  the  tendency  toward  distriba- 
tion  in  layers  is  strikingly  characteristic  of  the  formation.  The 
horizontal  diameter  of  the  lenticular  masses  is  several  times 
the  vertical  dimension.  Frequently  lenticular  masses  are  filled 
in  the  center  with  soft  calcareous  matter.  Occasionally  they 
are  hollow  and  in  some  cases  they  decompose  into  a  fine,  white^ 
tripoli-like  day.  This  characteristic  is  strikingly  exhibited  by 
the  chert  of  Seneca,  Mo.  The  chert  throughout  the  whole 
formation  is  usually  soft,  owing  to  its  calcareous  nature.  It  is 
much  less  compact  than  the  chert  of  other  formations,  very 
ferruginous,  fossiliferous  and  easily  decomposable.  These 
striking  features  are  the  guide  in  southwest  Missouri  that 
makes  this  chert  a  geological  landmark.  This  is  particularly 
true  of  all  the  area,  except  in  the  extreme  southwest,  where  it 
gradually  becomes  harder,  less  calcareous,  less  ferruginous^ 
and  carries  fewer  fossils.  When  masses  of  this  chert  are 
broken  into  two  pieces,  the  parts,  when  replaced,  do  not  ex- 
actly fit,  indicating  a  molecular  tension  or  strain. 

The  upper  beds  of  this  formation  weather  in  such  a  way  as 
to  expose  innumerable  sections  of  orinoid  stems.  This  is  well 
shown  in  the  quarries  and  railroad  cuts  in  the  vicinity  of 
Springfield.  The  limestone  of  this  horizon  is  very  pure,  coarse- 
grained, but  rarely  compact.  It  is  usually  fossiliferous,  decid- 
edly more  so  than  any  of  the  other  formations.  It  varies  in 
color  from  white  to  grey.  Orystallites  or  suture  joints  are 
common  in  some  of  the  upper  beds.  They  form  a  slightly  wav- 
ing horizontal  band  in  the  face  of  the  exposure,  being  gener- 
ally made  up  of  vertical  columns,  the  angled  surfaces  fitting 
into  each  other  and  giving  rise  to  a  zig-zag,  like  the  sutures  of 
a  skull.  Logan,  in  his  report  on  the  Geological  Survey  of 
Ganada,  suggests  ^'that  they  have  resulted  from  the  crystalli- 
zation of  soda,  which  crystals  were  subsequently   dissolved^ 
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and  the  molds  filled  by  the  sediment  that  formed  the  succeed* 
ing  layer.'^  Worthen*  thinks  it  probable  that  they  were  formed 
by  the  slipping  or  pressing  together  of  the  material  nnder 
great  pressure  while  in  a  plastic  state.  This  is  a  plausible  ex- 
planation where  the  floatings  are  parallel  with  each  other,  but 
specimens  obtained  from  this  limestone  near  Oraydon  Springs, 
in  the  northwestern  part  of  the  district,  have  the  columns  or 
fluting  straight,  and  interlocking  in  all  directions.  It  would  be 
very  difficult  to  explain  how  this  structure  could  be  formed  by 
pressure,  and  some  other  theory  must  be  proposed  to  account 
for  this  phenomenon.  Examples,  however,  tending  to  sustain 
Worthen's  views  are  presented  in  the  fine  specimens  fre- 
quently found  in  the  qaarries  in  the  vicinity  of  Springfield, 
where  the  structure  assumes  a  columnar  form,  with  a  cup- 
shaped  summit  holding  the  lenticular  masses  of  chert. 

A  regular  variation  is  noticed  in  the  limestone  toward  the 
south  and  east  from  Springfield,  it  becoming,  like  the  chert, 
harder,  more  compact  and  finer-grained.  The  following  char- 
acteristics may  be  given  for  this  formation  : 

1st.  The  heavy-bedded  chert,  or  thin,  alternating  beds  of 
shaly  lime  and  chert  already  described,  which  vary  from  a  few 
feet  to  about  40  feet  in  thickness. 

2nd.  The  limestone  underneath,  rather  coarse-grained, 
crystalline,  soft  and  greyish  in  color,  usually  having  white, 
rather  soft  lenticular  masses  of  chert,  from  a  few  inches  to  a 
foot  or  two  in  diameter,  though  the  chert  is  occasionally  ab- 
sent. Barely,  some  of  the  beds  are  of  a  faint  greenish  color. 
The  so-called  suture-joint  structure  is  also  characteristic. 
These  beds  sometimes  alternate  with  coarse,  more  fossiliferous 
and  thinner  layers  of  granular  limestone.  The  heavy  beds  are 
the  ones  that  form  the  best  quarries  in  this  horrizon,  and  the 
rock,  in  these,  often  approaches  marble  in  character.  Where 
these  layers  are  laid  bare  by  removal  of  soil,  the  surface  is 
covered  with  crinoid  stems  and  brachiopods.  Frequently  a 
thin  stratum  of  oolitic  limestone  is  found  in  the  upper  layers 

*Geol.  Sur.  Illinois,  vol.  I,  p.  116. 1866. 
G— 8 
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of  these  beds.  In  the  quarry  in  Tp.  29  N.,  B.  XXII  W.,  Sec. 
27,  Ne.  i  of  Ne.  qr.,  this  is  18  inches  in  thickness.  The  middle 
beds  range  in  thickness  from  60  to  100  feet. 

3rd.  The  lower  beds  are  decidedly  shaly  in  strnctnre, 
thongh  mnch  harder  than  the  npper  ones,  and,  where  exposed, 
form  shelving  ledges,  giving  a  rgnged  and  barren  appearance 
to  the  country.  Frequently  long  slopes  are  covered  with  these 
tnmbled  slabs,  making  a  barren  belt,  left  to  the  coarse  grasses 
and  the  cacti.  Good  examples  of  this  strnctare  may  be  seen 
where  the  Bolivar  and  Fair  Orove  roads  cross  the  south  fork 
of  Dry  Sac,  in  the  long  slope  north  of  the  ford  in  Tp.  30  N.,  B. 
XXI  W.,  Sees.  33  and  34.  Here  the  gullies  and  slopes  of  the 
hills  are  covered  with  these  thin,  conchoidal  fragments  of  shaly 
limestone.  At  Jones  spring  ( Tp.  29  N.,  B.  XXI  W.,  Sec.  27 ), 
is  a  splendid  exposure  of  the  lower  beds  of  the  Upper  Bur- 
lington limestone.  At  the  sides  of  the  spring,  and  surround- 
ing it  for  several  hundred  feet,  on  the  hillside,  are  irregular 
and  weathered  ledges  outcropping,  giving  a  rugged  and  pic- 
turesque appearance  to  the  place.  It  is  an  excellent  locality 
for  fossils,  particularly  the  large  coiled  shell,  Euomphalus  latuSj 
which  seems  to  characterize  the  lower  beds  of  the  Upper  Bur- 
lington in  this  area.  These  ledges,  together  with  several  old 
and  abandoned  quarries,  form  an  excellent  field  for  the  col- 
lector. These  upper  and  lower  shaly  beds  are  excellent  guides 
to  the  geologist  in  locating  himself  in  this  formation.  The 
aborigines  took  advantage  of  this  structure  in  making  their 
burial  mounds,  which  may  be  found  at  various  points  along  the 
Sac  and  James  rivers,  especially  near  Delawaretown,  in  the 
blufiP  on  the  west  side  of  the  James,  just  above  the  iron  bridge. 
The  chert  in  these  lower  beds,  which  have  a  thickness  of  from 
50  to  80  feet,  increases  toward  the  southeast.  This  limestone 
is  remarkably  pure,  containing  only  traces  of  silica,  alumina, 
magnesia  and  iron.  It  is  the  freest  from  impurities  of  any  lime- 
stone in  the  area. 

The  thickness  of  this  formation  at  Springfield,  as  given  by 
the  well  at  the  St.  Louis  and  San  Francisco  car  shops,  is  215 
feet,  which  is  about  the  maximum.    This  great  thickness  and 
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tbe  varying  struotnre  in  the  three  beds  jnat  described,  have  an 
important  bearing  upon  the  topography  of  the  greater  part  of 
the  district.  The  broad  platean  of  the  Springfield  fold  drops 
somewhat  abroptly,  by  small  blaffs  and  low  hills,  into  the  va). 
leys  of  the  streams,  the  middle  beds  usnally  forming  the  more 
or  less  vertical  escarpments,  covered  with  a  cherty  slope,  caused 
by  the  decomposition  of  the  shaly,  cherty  upper  beds,  and  wash 
iog  away  of  the  lime.  The  erosion  along  the  Sac  and  Wilson 
creeks,  where  they  run  through  this  formation,  has  been  consid- 
erable, and  is  usually  so  abrupt  as  to  render  the  valleys  rarely 
wide  enough  for  much  cultivation.  The  slopes  are  covered 
with  the  chert  debris,  and,  where  the  streams  cut  through  into 
the  lower  beds,  they  are  strewn  with  shaly  fragments  of  the 
limestone,  giving  the  ridges  a  rough  and  strikingly  character- 
istic appearance.  Along  the  James  river,  the  bluffd  are  usually 
confiDed  to  one  side  of  the  stream,  in  which  case  the  other  side 
is  an  extremely  rich  bottom  land  running  up  into  a  gentle  slope. 
But  the  broad,  rolling  plateau,  where  the  residual  chert  is  not 
too  abundant,  forms  the  main  farming  region  of  the  area  and 
of  the  whole  southwest  wherever  the  Upper  Burlington  lime- 
stone is  found.  This  is  especially  true  where  denudation  has 
affected  the  upper  layers  of  the  formation. 

The  decomposition  of  these  alternating  beds  of  limestone 
and  chert  forms  a  wonderfully  rich  soil.  The  breaking  down 
of  the  very  soft,  porous,  fossiliferous  and  ferruginous  chert, 
with  the  red  argillaceous  material  derived  from  the  weathering 
of  the  limestone,  forms  a  most  favorable  condition  for  vege- 
table growth.  This  mixture  of  red  clay  and  broken  chert  gives 
tbe  stranger,  at  first  sight,  a  very  unfavorable  impression ;  but 
the  fine  crops  raised  in  this  area,  and  the  wonderful  strength 
of  the  soil,  bear  ample  evidence  to  the  fertility  of  the  region. 

The  remarkable  purity  of  the  Upper  Burlington  limestone, 
its  loose  texture  and  coarse  structure,  render  it  readily  acted 
upon  by  surface  and  percolating  waters.  The  great  strain 
brought  to  bear  upon  it  by  the  formation  of  the  folds  in  the 
development  of  the  Ozark  uplift,  has  fissured  and  shattered  it 
to  a  much  greater  degree  in  some  places  than  in  others,  and 
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this  will  explain  the  great  variation  in  the  farming  lands  in  thi» 
limestone.  Where  there  has  been  little  or  no  shattering,  and 
stream  erosion  has  not  affected  it,  the  residual  clay  resulting 
from  surface  decomposition  has  formed  an  imperyious  layer 
that  gives  a  cold,  damp  soil,  except  in  times  of  drougth,  when 
it  becomes  an  ash-colored  powder,  forming  the  desolate  post- 
oak  flats — a  condition  well  illustrated  in  the  belt  of  country 
just  south  of  the  crest  of  the  Graydon-Northview  anticline, 
and  in  the  greater  part  of  Washington  township  (Tp.  28  1^.,  B. 
XX  W.)  and  a  portion  of  Tp.  27  N.,  R.  XXII  W — localities 
which  have  been  before  referred  to. 

From  these  facts  we  may  draw  some  inferences  as  to  how 
the  geological  structure  of  a  country  controls  its  development 
and  growth. 

Washington  township  (Tp.  20  N.,  B.  XX  W.)  is  one  of  the 
earliest  settled  townships  in  this  area,  dating  its  history  back 
to  J836.  Beiug  almost  wholly  underlain  with  the  Upper  Bur- 
lington limestone,  and  surrounded  by  a  well-settled  farming 
region,  numerous  bright  and  rapidly-growing  towns,  and  with 
excellent  railroad  facilities,  it  is,  notwithstanding  all  these 
things,  remarkable  for  being  one  of  the  most  thinly-settled 
townships  in  the  area,  and  for  not  having  a  single  town  or  vil- 
lage within  its  limits.  The  reason  for  this  state  of  affairs  may 
be  explained  from  geological  conditions.  Having  no  good  sur- 
face or  underground  drainage,  residual  matter  has  formed  the 
clajey,  damp  sub-soil  just  described.  It  is  a  broad,  nearly 
level,  but  little  diversified  plateau,  and  what  was  once  a  prairie 
is  now  overgrown  and  largely  covered  by  scrub-oak  and  post- 
oak  flats.  Where,  however,  such  a  plateau  as  this  has  been 
fissured  or  shattered  by  flexure,  these  cracks  form  natural 
water-ways  for  surface  drainage,  and,  because  of  the  easily  de. 
composable  nature  of  this  limestone,  soon  establish  under- 
ground cavernous  water-ways,  thus  causing  a  thick  and  rich 
Bub-soil,  which  is  being  constantly  added  to,  making  such  splen- 
did upland  farming  country  as  is  found  east  and  west  in  Oamp- 
bell  township,  East  Center,  Wilson  and  Lincoln,  and  portions 
of  other  townships.    The  size  of  these  underground  water- 
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-ways,  and  the  immense  amonnt  of  erosion  produced  by  them, 
is  shown  by  the  number  of  splendid  contact  springs  that  mark 
the  boundary  between  this  formation  and  the  Lower  Burling- 
ton, the  latter  being  an  extremely  hard  and  compact  limestone 
which  forms  an  impervious  under  stratum.  The  great  springs 
are  all  Upper- Lower  Burlington  contact  springs,  and  they  will 
be  more  fally  described  in  another  chapter. 

The  numerous  large  and  remarkable  caverns,  and  the  large 
number  of  sink-holes,  which  seem  to  have  a  greater  or  less 
regularity  in  trend,  are  further  evidence  of  this  erosion  by 
underground  streams.  Even  some  of  the  surface  waters  sink 
and  appear  again,  as,  for  example,  Wilson  Greek,  which  fre- 
quently disappears  for  short  distances.  These  sinks  are  more 
common  near  the  crests  of  the  folds,  and  usually  occur  in 
groups.  Professor  Shaler,  in  the  geological  survey  of  Ken- 
tucky, believes  the  numerous  caverns  and  sinks  in  that  state 
are  an  evidence  that  the  formations  there  have  not  been  sub- 
merged since  their  elevation.  If  they  had  been,  the  caverns 
would  have  been  filled  by  later  deposits.  We  may  reasonably 
infer  that  the  Upper  Burlington  limestone  has  been  dry  land  in 
this  area  since  the  time  of  the  Ozark  uplift.  Near  Osceola, 
Mo.,  some  caves  contain  secondary  deposits  of  sandstone  which 
would  indicate  a  second  submergence  in  that  region. 

We  are  thus  enabled  to  form  some  conception  of  the  time 
involved  in  the  formation  of  these  subterranean  water-ways, 
and  their  antiquity  is  further  proved  by  the  finding  of  Quater- 
nary remains  in  caverns  in  this  area. 

The  last  geological  condition  to  be  mentioned  which  affects 
the  farming  lands  of  the  area  is  found  where  stream  erosion 
has  been  great.  Here  abrupt  cherty  slopes  and  bluffs  give  a 
rugged  aspect  to  the  country,  and  what  is  lost  to  practical  in- 
terests is  made  up  to  the  SBSthetic  sense  in  the  great  beauty  of 
the  scenery. 

Natural  bridges  are  occasionally  found  in  this  formation, 
as,  for  example,  on  the  Storey  farm,  about  four  miles  east  of 
Springfield.  Here,  by  walling  up  a  part  of  the  bridge  over  a 
spring,  the  owner  of  the  land  has  made  a  very  fine  milk-house. 
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from  which  an  nndergronnd  passage  leads  to  his  dwelling. 
This  spring  was,  probably,  a  contact  spring  between  the  Upper 
and  Lower  Burlington,  as  the  contact  was  noted  jast  below  in 
the  shallow  ravine  made  by  the  Calling  in  of  the  strata  of  a 
former  cave. 

Another  natural  bridge  is  found  on  the  Manzy  farm  (Tp. 
28  N.,  E.  XXI  W.,  Sec.  3,  Ne.  t  of  Ne.  qr.).  This  beautiful 
bridge  abruptly  heads  a  narrow  gorge  about  100  feet  wide, 
which  extends  up  from  the  bottom  lands  of  the  James  river. 
The  county  road  formerly  passed  over  it.  This  bridge  is  50- 
feet  long,  15  feet  wide  and  12  feet  high.  The  bottom  of  the 
gorge  is  Burlington  limestone.  A  fine  spring  issues  from  the 
bluff  in  the  northeast  corner  of  the  gorge,  and  is  conveyed  by 
a  trough  to  the  interior  of  the  bridge,  which  is  now  walled  in 
and  used  as  a  milk-house.  A  series  of  several  interesting  Up- 
per and  Lower  Burlington  faults  can  be  seen  on  the  north  side 
of  the  gorge.  This  is  a  good  locality  for  Upper  Burlington 
fossils. 

A  peculiar  local  variation  of  the  Upper  Burlington  lime- 
stone occurs  on  the  Gave  Spring-Ebenezer  road,  in  Tp.  30  N., 
K.  XXIII  W.,  Sec.  10,  also  in  Tp.  30  N.,  E.  XXIII  W.,  Sec.  12. 
At  these  points  an  intercalated  layer  of  a  peculiar  yellowish,, 
fine-grained,  sparkling  sandstone  is  found,  a  few  inches  in  thick* 
ness.  At  the  two  latter  points  it  seems  to  be  situated  not  far 
above  the  Upper  and  Lower  Burlington  contact. 

The  most  troublesome  variation,  perhaps,  to  the  geologist 
is  the  occurrence,  at  a  number  of  points  in  the  southeastern 
third  of  the  area,  of  a  bed  of  varying  thickness,  of  a  rock 
strikingly  resembling  the  Ohouteau  in  color  and  lithological 
characters.  It  was  first  noted  and  then  mistaken  for  Ohouteau 
on  the  James  river,  a  quarter  of  a  mile  east  of  where  Wilder- 
ness road  crosses  the  river,  in  Tp.  29  N.,  B.  XXIII  W.,  Sec.  25. 
Here,  and  at  several  points  along  the  James,  a  ledge  of  this 
Ohouteau-like  layer,  a  few  feet  in  thickness,  outcrops.  It  is, 
apparently,  located  in  the  lower  part  of  the  Upper  Burling- 
ton, not  very  far  above  the  Lower  Burlington  contact,  and  was 
mistaken  by  Swallow  for  Ohouteau  in  his  geological  reportof  the 
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coantry  aloDg  the  Soathwesterti  branch  of  the  Pacific  railroad, 
1859.  ( See  his  geological  map  of  Greene  county  in  this  report, 
on  which  he  locates  Ohontean  as  oatoropping  at  this  point 
southward  along  the  James  into  Stone  coanty.)  A  similar 
Ohontean-like  layer  is  freqaently  found  underneath  the  chert 
beds  in  the  upper  part  of  the  Lower  Burlington,  and  has  been 
referred  to  in  the  discussion  of  that  formation.  The  bluffs 
along  the  lower  James  present  some  unusually  fine  points  for 
the  study  of  the  different  beds  of  the  Upper  Burlington.  Just 
east  of  the  bridge  on  the  Springfield  and  Ozark  road,  in  Tp.  28 
N.,  R.  XXI  W.,  Sec.  16,  Se.  qr.,  in  the  vicinity  of  the  Boiling 
spring,  is  a  good  location  for  studying  the  Upper  and  Lower 
Burlington  contact  and  the  lower  layers  of  the  Upper  Burling- 
ton. From  this  point  to  the  Owen  farm,  Tp.  28  N.,  B.  XXII 
W.,  Sec.  29,  there  are  splendid  exposures  of  the  upper,  middle 
and  lower  layers  in  the  precipitous  bluffs  which  alternately 
occur  on  either  side  of  the  stream.  One  of  the  best  expos- 
ures of  the  heavy-bedded  middle  layer  is  on  this  same  f«ftrm, 
where  is  found  a  bluff  96  feet  high,  rising  abruptly  from  the 
river,  which  is  quite  deep  at  its  foot.  This  bluff  is  made  up  of 
a  series  of  heavy  beds  from  four  to  twelve  feet  thick,  each 
having  a  convex  surface,  the  bedding  planes  showing  the  effect 
of  erosion,  and  giving  the  entire  bluish-grey  face  of  the  bluff 
a  wrinkled  or  scolloped  appearance.  On  the  summit  are  nu- 
merous Indian  graves,  made  by  piling  up  the  thin,  shaly  layers 
of  the  upper  beds.  At  the  Wilson  Ureek  battle  grounTi  ( Tp. 
28  N.,  B.  XX  W.,  Sec.  23 ),  the  opposing  armies  fought  on  a 
ridge  covered  with  the  debris  of  the  upper  shaly  layer  of  the 
Upper  Burlington.  A  rude  monument  of  these  stones  marks 
the  spot  where  General  Lyon  fell.  In  Tp.  28  N.,  R.  XXIII 
W.,  Sec.  26,  Sw.  cor.  Sw.  i  of  Nw.  qr.,  to  the  east  of  the  road, 
and  on  the  north  side  of  Robinson  branch,  a  sharp  Upper  and 
Lower  Burlington  junction  can  be  seen.  A  thin  irregular  layer 
of  chert  marks  the  unconformity  of  these  formations.  But 
few  points  have  been  found  where  the  contact  between  the 
Upper  and  Lower  Burlington  can  be  carefully  studied,  owing 
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to  the  wreckage  of  the  lower  shaly  layer,  which  covers  np,  in 
a  slope,  the  line  of  separation. 

Id  the  northwestern  part  of  the  area  this  formation  seems 
to  have  been  deposited  directly  npon  the  Ohoatean,  the  Lower 
Barlington  being  usnally  absent.  The  Morrisville-Brighton 
told  is  made  np  largely  of  this  formation,  although  it  nowhere 
reaches  a  very  great  thickness.  Lithologically,  it  presents 
characteristics  similar  to  those  already  described,  though  it  is, 
perhaps,  less  heavy-bedded,  the  shaly  character  predominating, 
and  it  is,  as  a  rale,  less  oherty  than  the  beds  to  the  south. 

So  far,  no  authentic  vegetable  remains  have  been  found  in 
the  Upper  Burlington.  Animal  life,  however,  was  abundant. 
A  few  obscure  specimens  of  sponges  have  been  found;  radi- 
ates are  somewhat  common ;  a  few  corals,  such  as  Ohastetei^ 
Syringopora  and  Zaphrentis,  are  present;  and  crinoids  are 
abundant,  particularly  in  the  upper  beds,  where  the  stems  are 
found  in  great  profusion,  and  not  infrequently  the  calyces  of 
both  blastids  and  crinids.  The  fragments  are  frequently  water- 
worn  and  rounded,  as  though  washed  by  off-shore  currents. 
All  the  species  here  are  much  coarser  in  structure  than  those 
found  in  the  Lower  Burlington  beds  below.  White*  calls  at- 
tention to  the  fact  that  the  structure  of  the  crinoids  forms  a 
means  of  distinguishing  the  beds  of  the  Lower  and  Upper  Bur- 
lington and  the  Keokuk.  He  notes  that,  taken  as  a  whole, 
those  of  the  Lower  Burlington  limestone  are  of  smaller  size 
than  those  of  the  upper.  He  further  notes  a  variation  in  the 
delicacy  of  construction  and  surface  ornamentation,  together 
with  a  pleaning  symmetry  of  oulline  of  those  of  the  Lawer  Bur- 
lington compared  to  the  larger  and  .coarser  forms  of  the  repre- 
sentatives in  the  Keokuk,  where  they  reach  a  culmination  of 
rudeness  in  their  ornamentation,  and  a  strange  extravagance 
of  form.  Of  the  vermes,  polyzoans  are  abundaat,  particularly 
in  the  upper  chert  beds,  and  brachiopods  are  very  plentiful, 
the  characteristic  forms  being  the  Streptorhynchus  crenistriatus, 
Spirifer  loganij  8p,  grimesi  and  Productus  punctatus.  Of  the 
mollusks,  lamellibranchs  are  occasionally  found,  several  species 

♦Geology  Iowa.  vol.  I,  p.  2U,  1870. 
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of  Avicnlopeeien  baviog  been  taken  from  the  upper  limestone 
beds.  Of  the  gasteropoda,  there  are  several  species  of  Strapa- 
rollMS,  which  are  characteristic,  in  the  area,  of  the  lower  lime- 
stone beds.  Of  the  arthropods,  a  small  Phillipria  has  been 
found.  Of  the  Tertebrates,  a  number  of  fishes  teeth  and  spines 
have  been  found  in  the  upper  beds — all  selachians,  the  teeth 
probably  belonging  to  the  genus  Deltodus. 

The  following  fossils  have  all  been  found  in  Greene  county, 
those  marked  with  *  being  given  on  the  authority  of  Mr. 
Stuart  Weller: 

Spiriftr  gHmegi,  Hall. 

Spiri/erloffani,  Hall. 

Spiri/er  ttriata,  Martin. 

Spirifer  tuborhicularas.  Hall. 

SpUrifer  keckuk.  Hall. 

Spirifer  forbtti,  Norwood. 

Spirifer  tubctupidatuSf  Hall. 

Spirifer  lineaioideat  Swallow. 

Spirifer  cuneatus. 

Spirifer  tateralU,  Hall. 

Spirifer  §ubequali8.  Hall. 

Spirifer  IncredMceiu,  Hall. 

Spirifer  negleduty  Hall. 

Spirifer  pieudoUneatua ,  Hall . 

Spirifer  lineata,  Martin. 

*  Spirifer  ienuicostata.  Hall. 

Sireptorhfnchu$  crerUiUriaium,  Phillips. 

Sireptorhffnchfu  ortutum.  Meek  A  Hajden. 

Streptorhynchui  robusta. 

Terebr€tttdaboviden$,  Morton. 

Terebraiulaformoaa,  Hall. 

Terebratuia  burlingtonentiit  White. 

^Ter^iTtttulaMftccuttu,  Martin. 

Orfftif  fiM/tovi,  Hall. 

Orihis  burlingtoneruiif  Hall. 

OrtkU  dubia.  Hall. 

Productuspunct€Uui,  Martin. 

PradtieUu  temiretietjUaiu8t  Martin. 

Produetu$  equiradiattu^  Shomard . 

*Produeiua  marginicinctuSt  Proat. 

*Productut  cora,  D'Orl)igny. 

Productuiburlingtanetuie,  Hall. 

Produetui  teorthenit  Hall. 

Producius  tetigerut.  Hall. 

Rhunchanellamutata,  Hall. 

•Derbjfia  ktokuk.  Hall. 

*Eumeirla  remeui^ana.  Hall . 

Athyris  lameUo$a,  L'Eveille. 
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Athyrit  roysgU. 

*AthyaiB  planotulcaia ,  Phllll  ps . 

•Athyris  trinueUa,  Hall. 

AfhyrU  incroMola,  Hall. 

*StrophoimeffM  analoga,  Phillips. 

"Camarophoria  tubMgonia,  Meek  &  Wort  hen. 

*Syringothyri$plemu,  Hall. 

Diacinatp. 

Platycerat  quincyerutt  McCbesnej. 

Ptatycenu  tquilaierale.  Hall. 

*Plaiycera8jUiurtUum,  Hall. 

*Platycera8  acutirostrr.  Hall. 

*Metoptoma  umbtUa ,  Meek  &  Worthen . 

EuomphaluB  latuty  Hall. 

Pleurototnaria  wumUzuma,  Worthen. 

MyaHnaktokuk,  Worthen. 

Aviculapecten  magna.  Swallow. 

*Canocardium  indianerue. 

*Conocardium  meekanum.  Hall . 

Hadrophyllum  glam.  White. 

ZaphrerMa  vartovientiB,  Worthen. 

*ZaphrentU  centralit,  Worthen. 

*CheUtei  iUinoiensis,  Worthen. 

*Amplexui/ragiH$t  White  A  St.  John. 

ArcMmedesBp.  nov. 

Syringopora  harveyi.  White. 

Pritmopara  trifiUa,  Romtnger. 

CowUarUisp. 

Evactinopora  quinqueradiata,  Ulrlch. 

•PalacU  o6lu«a.  Meek  ft  Worthen. 

PhUliptia  bu/o.  Meek  A  Worthen. 

*  AeHnocrinua  mtUiiradUUut,  Shumard. 

*Actlnoerimi§  $p. 

Agaricocrinus  ufortfieni.  Hall. 

Agaricocrinus  buUatus,  Hall. 

*Agaricoerimia planoeonvexus.  Hall. 

Actinocrinuiverrueotui,  Hall. 

Batocrinus  naahvlUa,  TrooBt. 

Batocrinut  shepardi,  Rowley. 

Batoerinut  equibraehiaiuBy  McChesney. 

*B€Uo€rimt$  biiurbinaius.  Hall. 

Batocrinu$  pyri/ormU,  Shumard. 

BatocririM  troehi$cu».  Meek  ft  Worthen. 

Batocrinui  8ubtraetv» ,  Whl  te . 

*Cyaikocrifnu  iowen$ia,  O.  ft  W. 

Dichocrimu  atriatui,  O.  ft  S. 

Dorycrintu  parmu,  Shumard. 

*Darycrinu$  c<fmiger<nu,  Hall . 

DorycrinuM  intermedhu.  Meek  ft  Worthen. 

Eucl<idocrinu»  pleuroviminus.  White. 

*Eretmocrinu»  virginariua,  Wachs. 

Granatoerinut  gramUonu,  Meek  ft  Worthen . 

Physetocrinut  veniricomu.  Hall. 
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*Platyerinus  saffordi,  Troost. 
Platgcrinut  sp. 

SteganoerinuB  perUagonui,  Hall . 
*Synbathocriniu  tUKUlovit  Hall. 
THcoclocrinut  wortheni. 
PerUremitet  conoideu$t  Hall. 
Pentremitea  elongatust  Shumard. 

The  formatioD  is  noted  in  the  Southwest  as  the  richest  of 
the  lead  and  zinc  horizoDS.  In  the  south,  the  rocks  being  much 
harder,  the  deposits  are  not  so  rich  nor  as  extensive  as  in  the 
Joplin  and  Aurora  districts,  this  hardness  being  less  favorable 
to  the  deposition  and  segregation  of  ore.  The  Upper  Burling- 
ton limestone  forms  a  good  building  stone  and  is  largely  sought 
after  for  that  purpose  in  numerous  quarries  in  and  about  the 
city  of  Springfield.  The  stone  from  many  of  the  beds  is  sus- 
ceptible of  a  tine  polish,  the  upper  fossiliferous  layers  resem- 
bling marble.  The  rock  is  very  beautiful  and  durable  and  may 
be  seen  in  the  Drury  College  chapel,  the  St.  John  Episcopal 
church  and  other  buildings  in  Springfield.  As  a  road  material 
the  surface  chert  is  widely  used  in  Springfield  for  macadamiz- 
ing. It  can  be  seen  on  Boonville  street  and  the  National  B)ule- 
vard.  This  is  not,  however,  so  good  nor  so  durable  as  the 
chert  from  the  lower  formations.  Its  soft  texture  causes  it  to 
break  down  quickly  and  pulverize.  A  very  important  industry 
is  the  manufacture  of  lime  from  this  rock.  In  the  vicinity  of 
Springfield  and  at  Ash  Orove  a  flourishing  business  has  been 
built  up  and  large  quantities  of  lime  are  shipped. 

DBS  MOINBS  SBBIBS  ( Ooal  Measures ). 

Of  the  coal-bearing  deposits  there  are  only  a  few  outliers, 
composed  of  shale,  sandstone  and  conglomerate  represented. 
Three  small  coal  pockets  have  been  found  within  the  limits  of 
the  area.  One  of  these  is  not  of  workable  thickness,  and  the 
extent  of  the  others  has  not  yet  been  ascertained.  It  has 
been  impossible  to  thoroughly  synchronize  these  deposits. 

The  coal  measures  are  arranged  in  about  this  order :  first, 
a  rather  coarse-grained,  reddish  sandstone,  possibly  the  ferru- 
ginous sandstone  of  Swallow ;  second,  in  places  overlying,  and 
occasionally  apparently  merging  into  the  ferruginous  sandstone, 
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patches  of  micaceons  sandstone  and  bowlder  conglomerate,  the 
conglomerate  nsnally  lying  in  elongated  depressions  in  the 
micaceous  sandstone — the  Grajdon  sandstone,  named  from 
Oraydon  Springs,  in  Polk  connty,  where  it  was  first  studied ; 
third,  in  several  localities,  small  patches  of  alternating  beds  of 
highly  inclined  shales,  from  blue  to  greenish-black  in  color, 
occasionally  mixed  with  thin  seams  of  carbonaceous  matter,  and 
frequently  containing  tumbled  bowlders  of  fossiliferous  lime- 
stone ;  fourth,  and  last,  a  peculiar  knotted  chert,  named  the 
Bepublic  chert,  from  its  great  abundance  around  Republic. 
This  covers  most  of  the  highest  points  and  overlies,  apparently, 
the  highest  formation  of  the  district. 

Of  the  shales,  only  a  few  pockets  occur,  and  these  are 
mainly  confined  to  the  extreme  western  portion  of  the  area. 
The  best  section  exposed  is  4  miles  west  of  Willard  at  the 
Kelso  clay  shafts  (Tp.  30  N.,  R.  XXIII  W.,  Sec.  20,  Ne.  i  of 
Sw.  qr.).  The  several  shafts  are  from  20  to  30  feet  in  depth. 
The  coal  measures  seem  to  lie  in  depressions  in  a  micaceous 
sandstone  and  bowlder  conglomerate.  The  lowest  shaft  on  the 
slope  of  the  ridge  struck  the  micaceous  sandstone  at  a  depth 
of  16  feet.  The  bowlder-conglomerate  lies  around  the  shafts 
at  the  surface,  especially  on  the  west  side.  The  center  shaft, 
30  feet  deep,  passed  through  the  following  strata : 

Feet. 

5.    Soil  and  clay 2 

4.    Limestone,  fosBlllferoas,  brownish  bowlders 5 

3.    Sbale,  variegated,  reddish  and  greenish 8 

2.    Shale,  bluish,  with  thin  seams  of  coal,  containing  fragments  of 

plant  remains 16 

1.    Shale,  bluish-black,  with  crystals  of  selenlte 2 

In  No.  5,  mixed  in  the  soil  from  the  surface  to  the  depth 
of  two  or  three  feet,  are  found  small  rounded  masses  of  a  very 
peculiar  clay  which  is  wholly  destitute  of  plasticity.  These 
masses  vary  from  the  size  of  a  nutmeg  to  several  inches  in 
diameter  and  in  color  from  pure  white  through  yellow,  salmon, 
brown  to  light  tints  of  blue  and  green.  The  masses  are  very 
compact,  wholly  free  from  grit  and  cut  like  tallow  clay,  which 
the  salmon  colored  variety  closely  resembles  in  everything  ex* 
cept  plasticity.    With  the  exception  of  one  or  two  other  locali- 
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ties  in  this  township  this  pecnliar  variety  of  clay  has  not  been 
noticed.  It  is,  nndonbtedly,  a  variety  of  halloysite.  In  No.  4 
are  found  large  bowlder-like  masses  of  pinkish-bnff  and  pur- 
plish drab,  highly  fossiliferoas  limestone,  the  fossils  broken 
and  their  fragments  frequently  converted  into  calcite.  The 
clay  is  light  colored  with  a  greenish  tinge  and  is  frequently  filled 
with  fragments  of  fossils.  Numbers  3  and  4  are  quite  uniform 
in  thickness,  as  is  indicated  in  a  number  of  shafts.  Mixed 
through  the  latter  are  numerous  bowlders  or  concretions  of 
very  dark,  bluish,  coarse-grained  limerock,  containining  a  few 
finely  preserved  fossils,  apparently  belonging  to  No.  85  of  the 
general  section  of  the  Upper  Goal  Measures  by  Broadhead, 
and  among  them  finely  preserved  archimedes,  brachiopods 
and  bryozoan  corals.  Frequently  there  are  extremely  thin, 
irregular  layers  of  carbonaceous  matter.  The  clay  closely  re- 
sembles the  Billings  deposit.  Good  pottery  has  been  made 
from  it.  The  two  feet  of  black  shale  at  the  bottom  of  the  sec- 
tion has  green  masses  of  soft  shaly  substance^  together  with 
some  carbonaceous  material  and  selenite  crystals.  Bowlders 
of  the  dark  blue  limestone  extend  into  this  layer,  and  are 
coated  with  clay  which  is  filled  with  small  crystals  of  selenite 
and  pyrite. 

Three  and  one  half  miles  south  of  Bepublic,  at  a  locality 
called  Wise  Hill,  in  a  depression  on  the  northern  slope  of  an 
elevation  which  is  mainly  composed  of  Upper  Burlington, 
several  shafts  have  been  sunk  in  a  deposit  similar  to  the  one  at 
the  Kelso  place.  The  deepest  shafts  are  respectively  45  and 
34  feet.  A  careful  inspection  of  the  latter  gave  the  following 
section : 

Feet. 

8.    Soil 1 

7.  Shale,  red  and  greenlsb.  mottled 3 

6.    Shale,  dark  blQlsh- green,  wltb  selenite  8 

5.    Shale,  black  with  fragments  of  fossil  leaves 10 

4.    Limerock,  dark  blue,  with  streaks  of  selenite S 

8.  Shale,  black,  bituminous. 6 

2.    Limerock,  dark  blue,  with  pyrlte  and  thin  sheets  of  columnar 

calcite,  one  or  two  Inches  thick,  coated  with  small  crys- 
tals of  selenite 1^3 

1.    Shale,  bluish  (exposed) 5 
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Large  masses  of  clay  filled  with  crystals  of  calcite,  their 
planes  rnnniDg  in  every  directioD,  were  first  struck  at  a  depth 
of  foar  feet  and  seemed  to  be  confined  to  the  beds  above  No. 
4.  The  beds  in  this  shaft  dip  to  the  east  6  inches  in  5  feet. 
The  deepest  shaft,  abont  50  feet  from  the  one  jnst  mentioned, 
and  at  the  same  level,  strnok  no  limerock  nntil  the  bottom 
was  reached  at  a  depth  of  45  feet.  The  rock  foond  at  the  base 
of  this  shaft  was  a  very  hard,  dark  limestone  containing  both 
iron  any  copper  pyrites.  These  shales  are  in  a  depression  in 
the  Graydon  sandstone,  which  is  itself  deposited  in  a  depres- 
sion in  the  Upper  Bnrlington,  and  all  of  these  are  covered  by 
fragmental  remains  of  the  knotted  Bepablic  chert. 

On  the  Ootter  farm,  3  miles  soathwestof  Willard  (Tp.  30 
N.,  B.  XXIir  W.,  Sec.  33,  N  w.  i  of  Se.  qr.)  two  shafts  have  been 
sunk  in  qaest  of  lead  and  zinc  in  a  deposit  similar  to  that  jnst 
described.  These  shafts  are  situated  on  the  east  side  of  a  nar- 
row valley  that  opens  from  Olear  creek.  The  Upper  Burling- 
ton outcrops  on  high  points  to  the  east  of  it^  while  a  heavy 
deposit  of  the  Graydon  sandstone  forms  the  crest  ot  the  ridge. 
On  the  surface  of  the  slope,  for  some  distance  above  the  shafts 
to  the  east,  Bepublic  chert  is  scattered  in  large  masses.  The 
ten  feet  of  a  slope  above  the  shaft  is  covered  with  micaceous 
sandstone.  The  shaft  is  37  feet  deep  and  from  it  the  follow- 
ing section  was  obtained : 

Feet. 
4.    Limerock,  yellowish,  fine- grained,  containing  oval  masses  of 

pyrlte 10 

8.    Shale,  yellow 10 

2.  Shale,  black,  containing  numerous  gasteropod  shells  changed 

Into  pyrlte.  10 

1.  Limestone,  bluish  drab,  and  white  chert,  containing  pyrlte  and 

small  particles  of  zinc  blende  (exposed) 7 

On  the  Long  farm  two  miles  to  the  west  ( Tp.  30  N.,  B. 
XXIII  W.,  Sec.  31,  I^w.  iof  Ne.  qr.),  six  shafts  have  been  sunk 
in  a  depression  in  this  sandstone.  The  strata  dip  to  the  north- 
west.   The  following  section  is  shown  : 

Feet 

4.     Soil 2 

3.  Fine  white  clay 15 

2.  Yellow  ochre 85 

1.    Conglomerate,   gravel,   white  clay  and  sandstone,  containing 

some  lead 19 


THB  GBATDON  SANDSTONE.  127 

Northwest  of  SpriDgfield  is  another  clay  bed  (Tp.  29  N., 
B.  XXI  W.,  Sec.  5)  intercalated  in  a  thin  deposit  of  Graydon 
sandstone  which  lies  along  the  continuation  of  the  McOracken 
fanlt.  It  is  impossible  to  synchronize  the  different  depc^sits  of 
clay,  shale  and  limestone.  The  fossils  ate  fragmental  and  difi- 
cnlt  to  definitely  determine.  Fossil  plant  remains  are  also 
fonnd  in  the  shale.  In  digging  a  cellar  on  the  McAdam  farm, 
near  the  north  line  of  Tp.  4,  B.  XXIX  W.,  Sec.  21,  5  feet  of 
this  clay  and  yellow  ochre  were  passed  throagh.  The  Oraydon 
sandstone  conglomerate  is,  perhaps,  the  most  difficnlt  in  the 
whole  area  to  determine.  This  formation  is  made  ap  of  two 
strikingly  dissimilar  deposits  and  both  may  be  present  or 
either  may  be  absent,  or  they  may  be  intercalated  with  each 
other  in  snch  a  manner  as  to  make  it  impossible  to  say  which 
of  them  rests  above  or  which  below.  It  is  extremely  doabtfal 
if  the  deposits  of  shale  just  described  shoald  be  separated 
from  the  sandstone,  as  they  are  apparently  imbedded  in  the 
conglomerate,  as  seen  on  the  farm  of  Mr.  Kelso.  The  sand- 
stone is  nsnally  a  rather  coarse-grained,  more  or  less  friable, 
micaceons  rock.  It  varies  greatly  in  color  and  textare.  Usa- 
ally  it  is  a  dark  or  parplish  red  rock,  freqaently  variegated  in 
the  same  bed,  presenting  a  very  beautifnl  appearance.  Occas- 
ionally it  is  milky  to  grayish  white  in  color,  as  seen  in  a  little 
draw  jnst  north  of  the  Oraydon  Springs  hotel,  where  one  bed 
of  it  contains  much  fragmental  carbonaceoas  matter  and  frag- 
ments of  fossil  leaves.  Jnst  sooth  of  the  hotel,  along  the  same 
branch,  are  a  number  of  large  imperfect  calamities.  The 
stream  flows  over  different  layers  of  shale  and  sandstone. 

The  weathering  of  the  sandstone  in  places  is  very  striking. 
It  occasionally  forms  great  ridges  covered  with  rough  and  tum- 
bled blocks  and  with  ledges  forming  beetling  bluffs  that  give 
a  strange  and  wierd  aspect  to  the  scenery,  as  is  seen  in  the 
Saway  bluff  in  the  southwest  corner  of  Oass  township  ( Tp.  30 
N.,  B.  XXIII  W.,  Sec.  30,  Nw.  i  of  Ne.  qr.).  At  this  point 
there  is  a  narrow  ridge  capped  with  70  feet  of  Graydon  sand- 
stone. A  small  branch  that  runs  east  into  Clear  creek  has  cut 
through  it,  exposing  the  ledges  ana  tumbled  blocks  of  the  bluff 
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This  is  a  fine  example  of  erosion,  and  the  rock  exhibits  the 
characteristic  false-bedding  so  common  in  this  sandstone,  and 
its  variegated  color  is  very  beantifal.  The  jancture  with  the 
Upper  Barlington  limestone  at  this  place  is  sharp  and  shows 
marked  unconformity. 

Abont  one  mile  sonth  of  the  month  of  Asher  creek  is  an- 
other similar  and  even  more  remarkable  ridge  of  the  same  kind 
of  sandstone.  A  small  branch  has  cut  through  it  nearly  at 
right  angles  into  the  First  sandstone  which  forms  the  bed  of 
the  stream.  The  tumbled  blocks  along  the  crest  of  the  ridge, 
and  the  false-bedding  and  variegated  colors,  all  make  it  a  most 
interesting  point.  In  Tp.  29  N.,  B.  XXIII  W.,  Sec.  17,  a  sand- 
pit was  opened  in  the  sandstone,  and  the  material  at  one  time 
hauled  to  Springfield.  The  bank  has  been  dug  out  to  a  depth 
of  about  15  feet.  On  the  south  side,  false-bedding  is  noted. 
In  the  freshly  exposed  surface  is  a  layer  filled  with  small  nodu- 
lar masses  from  the  size  of  a  pea  to  one  and  one-half  inches  in 
diameter.  These,  when  broken,  are  found  to  be  filled  with  less 
indurated  matter  enclosed  by  a  thin  shell  of  limonite,  the  latter 
surrounded  by  sandstone.  The  disintegration  of  these  nodules 
explains  the  cause  of  the  pits  and  shallow  depressions  that 
characterize  some  of  the  beds  of  the  Oraydon  sandstone. 
Below  this  lay^r  are  from  six  to  twelve  inches  of  fine  white 
clayey  shale.  The  conglomerate  is  found  at  various  points  in 
this  vicinity. 

A  ridge  that  is  still  more  interesting  is  found  at  the  Warren 
bluff  northeast  of  Strafford  ( Tp.  30  N.,  B.  XX  W.,  Sec.  25 ). 
The  conditions  presented  are  similar  to  the  former  cases  cited. 
The  headwaters  of  the  Pomme  de  Terre  cut  through  a  narrow 
ridge  of  sandstone  about  100  feet  high,  and  500  feet  to  the 
west  a  small  branch  cuts  through  it  again  leaving  an  isolated 
peak  between  the  two  streams.  The  Springfield  and  Marsh- 
field  road  passes  along  the  foot  of  the  bluff  in  the  latter  draw. 
The  river  flows  over  a  bed  of  Hannibal  shale.  The  sandstone 
is  made  up  of  loosely  aggregated,  rounded,  irregular,  trans- 
parent to  translacent  quartz  grains  cemented  with  a  whitish 
material.    Frequently  there  are  concretionary  layers  alternat- 
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ing  with  impare  seams  of  iron,  the  different  layers  varying 
from  yellowish,  brownish,  red  and  purple  to  white  in  color.  It 
is  often  micaceous,  though  not  uniformly  so.  The  east  side  of 
the  bluff  which  f^ces  the  stream  is  more  precipitous  than  the 
other  side  and  exhibits  well  the  irregular  bedding  of  the  forma- 
tion, the  thin  bedding  planes  becoming  in  places  contorted  and 
frequently  pitted  on  the  rough  surface.  Sometimes  the  beds 
are  so  much  distorted  that  a  longitudinal  section  of  the  face  of 
the  bluff  resembles,  somewhat,  a  vertical  section  of  a  series  of 
funnels  set  into  one  another,  or  a  structure  such  as  one  can 
imagine  to  have  been  deposited  in  powerful  eddies.  From 
the  middle  of  the  bluff  upwards,  small,  rounded,  waterworn 
quartz  pebbles  are  occasionally  noted.  Within  twenty  or 
thirty  feet  of  Ihe  summit,  resting  in  a  slight  hollow  or  depres- 
sion, as  though  it  were  the  bed  of  an  old  stream,  occurs  the 
second  variation  of  this  formation,  the  conglomerate.  This  is 
made  up  of  rounded,  polished,  waterworn  pebbles  varying  from 
the  size  of  a  hickory  nut  up  to  several  inches  in  diameter, 
cemented  more  or  less  firmly  in  a  sandstone  matrix.  This 
seems  to  cap  the  sandstone  for  several  miles  in  a  ridge  having 
a  northwesterly  trend.  The  southeast  end  of  this  ridge  is  very 
abrupt,  and  great  irregular  masses  form  ledges  which  stand  out 
prominently.  Commencing  northeast  of  Strafford  (Tp.  29N., 
B.  XIX  W.,  Sec.  15,  Nw.  qr.),  an  area  covering  forty  or  fifty 
acres  is  the  first  appearance  of  the  conglomerate  on  the  east- 
ern side  of  the  district.  The  next  outcropping  is  a  short  dis- 
tance to  the  northward,  in  Tp.  29  N.,  B.  XIX  W.,  Sec.  31,  and 
covers  a  fraction  of  an  acre.  It  next  appears  in  a  massive 
ridge  on  the  south  side  of  Bucksnort  hollow  (Tp.  29  N.,  B. 
XIX  W.,  Sec.  5,  N.  line  of  lot  7 ),  and  extends  about  a  mile  and 
a  half  in  a  westerly  course,  being  about  one  quarter  of  a  mile 
wide.  The  stone  is  deep  purplish  red  in  color  and  the  surface 
somewhat  pitted.  The  sand  is  mixed  with  small  white  quartz 
grains  from  the  size  of  a  wheat  grain  up  to  a,  pea.  Denuded, 
rounded  pebbles  are  found  scattered  over  the  territory  between 
this  ridge  and  the  Warren  bluff.    From  the  latter  point  it  con- 
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tinaes  in  the  ridge  already  described,  having  a  width  varying 
from  a  few  hundred  feet  to  nearly  half  a  mile.  Then  for  sev- 
eral miles  only  occasional  indications  of  its  former  presence 
are  found.  However,  it  again  assnmes  massive  proportions, 
stretching  for  a  mile  or  two  to  the  northwest  and  where  the 
Springfield  and  BafiPalo  road  crosses  it  (Tp.  3L  N.,  B.  XXI  W., 
Sec.  35 ),  it  averages  one  mile  in  width  and  is  of  great  thick- 
ness. Tbe  pebbles  here  are  very  large.  At  this  point,  which 
is  known  as  Edmiston  hill,  there  seem  to  be  indications  of  a 
jnnction  of  two  branches,  one  from  the  east  and  one  from  the 
southeast.  It  is  difficult  to  determine  whether  the  ridge  here 
is  continuous  with  the  deposit  east  of  Pleasant  Hope,  or  with 
the  small  outcrop  south  of  Presley  hill. 

Passing  back  to  the  western  townships  of  Webster  county 
once  more,  a  small  ridge  of  conglomerate  and  sandstone  Is  found 
inTp.  30  N.,  B.  XIX  W.,  Sec.  23.  The  first  example  of  a  series 
of  mounds  that  have  been  preserved  by  the  capping  of  tbe 
conglomerate  is  the  Bodenheimer  mound  (Tp.  30  N.,  B.  XIX 
W.,  Sec.  9,  Sw.  qr.),  which  is  nearly  half  a  mile  long  by  one- 
eighth  of  a  mile  wide,  and  rises  nearly  150  feet  above  the  river, 
with  an  abrupt  slope  beyond  the  Pomme  de  Terre.  It  is  cov- 
ered with  rounded  pebbles  of  the  conglomerate,  some  of  them 
having  a  diameter  of  six  to  eight  inches.  The  deposit  has  an 
estimated  thickness  of  70  feet.  This  ridge  is  continuous  in 
patches  through  section  9  to  the  middle  of  Section  7,  Tp.  30, 
B.  XIX. 

The  next  outcrop  is  the  well-known  Fair  Orove  mound,  one 
of  the  most  beautiful  in  the  district.  It  stands  as  a  landmark 
for  all  the  adjacent  country.  This  mound  is  nearly  two-thirds 
of  a  mile  long  and  a  quarter  of  a  mile  wide.  It  is  about  150 
feet  high,  and  is  capped  by  80  feet  of  the  conglomerate.  The 
northwestern  slope  is  much  more  gentle  and  it  runs  out  into  a 
low  narrow  ridge.  The  south  branch  of  Pomme  de  Terre  outs 
through  this  ridge  into  tbe  Second  magnesian  limestone,  but 
the  conglomerate  is  exposed  on  the  west  bank  of  Pomme  de 
Terre  capping  a  ridge  that  is  evidently  an  extension  of  this 
one. 
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Other  moands  dot  the  prairie  to  the  west  and  north.  The 
l^ewton  moand(Tp.  31  N.,  B.  XXI  W.,  Sec.  2),  is  one  of  the 
largest  in  the  area,  on  which  the  Hannibal  is  capped  by  25  feet 
of  the  conglomerate.  This  is  also  a  landmark  for  the  sarroand- 
ing  country,  and  the  view  from  its  snmmit  extends  over  a  wide 
range.  The  abrnpt  slope  of  its  soath  side  to  the  Pomme  de 
Terre  is  one  of  the  best  points  in  this  area  for  the  stady  of 
stratigraphical  geology.  To  the  west,  and  only  a  little  over  a 
mile  away,  is  Ooodnight  monnd,  also  capped  by  the  conglom- 
erate. Its  elopes  are  so  covered  with  debris  that  no  accurate 
section  is  obtainable  ;  the  conglomerate  is  at  least  40  feet  in 
thickness.  Soath  of  the  last  two  moands  mentioned  is  Reed 
knob,  Tp.  31  N.,  B.  XXI  W.,  Sec.  12,  capped  by  the  same  con- 
glomerate. Between  the  Ooodaight  moand  and  Pleasant  Hope 
another  outcropping  of  conglomerate  is  found.  Just  south- 
east and  south  of  Pleasant  Hope  are  still  other  small  outcrop- 
pings  of  the  conglomerate,  and  the  debris,  consisting  of  rounded 
pebbles  and  accasional  blocks  of  sandstone,  mark  the  old  line 
of  deposit  at  scattered  points  along  the  ridge  from  Pleasant 
Hope  toward  Morrisville. 

Beginning  in  the  southwestern  part  of  the  area,  the  con- 
glomarate  appears  in  patches  stretching  across  Tp.  27  N.,  B. 
XXIII  W,,  Sec.  35,  and  Tp.  27  N.,  B.  XXIII  W.,  Sec.  26,  Sw. 
qr.  The  county  road  cuts  through  the  next  outcrop  on  the 
west  line  of  Tp.  27  N.,  B.  XXIII  W,,  Sec.  21,  Sw.  qr.  This  is 
an  outlier  of  the  most  remarkable  outcropping  of  this  deposit 
in  the  area — one  that  stretches  from  Tp.  27  N.,  B.  XXIII  W., 
Sec.  20,  Se.qr.,  where  it  is  half  a  mile  wide,  through  the  greater 
part  of  Tp.  27  N.,  B.  XXIII  W.,  Sec.  19,  where  it  rapidly 
increases  in  width,  stretching  from  the  southwest  corner  of  19 
to  the  middle  of  Tp.  27  N.,  B.  XXIII  W.,  Sec.  18,  Sw.  qr.,  where 
it  reaches  a  width  of  a  mile  and  a  quarter.  The  county  road 
runs  north  and  south  on  the  township  line  Its  whole  width,  and 
in  many  places  resembles  a  natural  cobble-stone  pavement. 
This  is,  perhaps^  the  best  point  in  the  southwest  to  study  this 
conglomerate.  The  bowlders  reach  a  considerable  size — from 
4  to  8  inches  in  diameter,  some  of  them  being  fossiliferoue.    At 
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one  point  on  the  county  road  ( Tp.  27  N.,  B.  XXIV  W.,  Eco.  13^ 
Se.  i  of  Se.  qr.),  qaite  a  number  of  fiissils  were  collected,  hav- 
ing been  derived,  probably,  from  the  Upper  Burlington.  The 
bowlders  lie  in  obscure,  ridge-like  lines  across  the  road,  fol- 
lowing, in  general,  the  trend  of  the  ridge.  In  Tp.  27  N.,  B. 
XXIII  W.,  Sec.  18,  Sw.  qr.,  they  have  a  strong  northwest 
course.  In  Tp.  27  N.,  B.  XXIII  W.,  Sec.  19,  N w.  qr.,  they  bear 
more  and  more  to  a  westerly  course,  while  in  Tp.  27  N.,  B. 
XXIII  W.,  Sec.  19,  W.  i  of  Sw.  qr.,  they  begin  to  bear  to  the 
north  and  northwest.  On  the  northern  slope  of  this  ridge,  the 
pebbles  decrease  in  size  until  they  are  no  larger  than  rice  grains^ 
evidently  derived  from  quartz'te.  In  the  northwest  corner  of 
Tp.  27  N.,  B.  XXIII  W.,  Sec.  20,  a  well  was  sunk  27  feet  deep 
in  this  conglomerate.  The  pebbles  decreased  in  size  from  the 
top  to  the  bottom  of  the  well,  and  the  material  thrown  out 
beautifully  illustrated  the  structure.  When  first  excavated,  the 
sandstone  matrix  was  of  a  purplish  red  color,  and  so  soft  as  to 
allow  the  pebbles  to  fall  out,  leaving  their  casts  in  perfect 
shape,  while  the  matrix  became  decidedly  harder  on  exposure 
to  the  air.  This  great  deposit  may  be  traced  more  or  less  con- 
tinuously through  to  the  railroad  cut  east  of  Billings,  the  point 
in  the  southwest  where  this  remarkable  deposit  was  first 
noticed,  and  from  where  it  has  been  traced,  in  isolated  patches, 
for  nearly  thirty  miles  to  the  northwest.  Patches  are  also 
found  in  Tp.  29  N.,  B.  XXIII  W.,  Sec.  23,  extending  through 
to  Tp.  29  N.,  B.  XXIII  W.,  Sec.  8 ;  along  the  strip  stretching 
from  the  southeast  section  of  82,  northward  through  section  29 
in  Tp.  20  N.,  B.  XVII  W. ;  in  Tp.  30  N.,  B  XXIII  W.,  Sec.  8, 
and  further  northward  to  Oraydon  Springs. 

It  has  been  already  inferred  from  the  description  that  the 
conglomerate,  Ijing  as  it  does  on  the  margin  of  the  great 
Western  Interior  coal  field,  corresponds  in  structure  and  in 
position  to  the  Mill-stone  gtit  of  the  earlier  geologists.  This 
was  pretty  thoroughly  identified  by  Owen,  in  1858,  in  his 
description  of  the  great  spread  of  somewhat  similar  material 
in  the  northern  counties  of  Arkansas. 
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It  seems  probable,  however,  that  this  formation  belongs  to 
the  Upper  rather  than  to  the  Lower  Goal  Measares,  to  which 
the  Mill-stoue  grit  has  been  assigned.  As  this  conglomerate 
lies  below  and  intermingled  with  the  Oraydon  Springs  sand- 
stones and  shales  in  varions  locations,  though  chiefly  below, 
there  is  little  doubt  that  they  belong  to  the  same  period.  The 
fossils  from  these  shales  and  the  sandstones  andoabtedly  be- 
long to  the  Upper  Goal  Measures. 

It  is  very  interesting  to  notice  that  Henry  King,*  M.  D., 
who  made,  probably,  the  first  geological  exploration  of  the 
territory  immediately  north  of  this  area,  along  the  Osage  river, 
seems  in  his  report,  to  locate  this  sandstone  above  the  Goal 
Measures,  thus,  at  that  early  date,  more  accurately  defining  its 
position  than  some  of  the  later  geologists.  Speaking  of  the 
sandstone,  he  says :  *'  It  is  important  on  account  of  the  iron 
ore  connected  with  it.  It  seems  to  overlie  the  ooal  and  shale, 
though  it  is  possible  that  further  investigation  may  prove  it  to 
embrace  similar  deposits.  It  is  of  various  shades  of  yellow 
and  red,  and  often  passes  into  good  and  extensive  beds  of  iron 
ore.  •  •  *  *  •  This  sandstone  constitutes  many  of  the 
hills  of  the  vast  prairies  lying  on  both  sides  of  Grand  river,  in 
Henry  and  St.  Glair  counties.  *  *  *  *  It  is  this  sandstone 
that  gives  the  sandy  character  to  the  soil  of  this  region.  This 
sandstone  contains  many  vegetable  impressions." 

Of  the  various  theories  proposed  to  account  for  this  re- 
markable formation,  that  of  the  estoary  deposit  will  be  first 
considered.  Similar  deposits  usually  outcrop  in  all  countries 
in  narrow  strips  on  the  borders  of  the  Goal  Measures.  Such 
formations  one  might  expect  to  find  on  a  coast  where  the 
powerful  river  currents  have  brought  down  debris  to  be  rolled, 
polished,  sorted  and  finally  mixed  with  a  sandy  matrix  made 
of  rounded  and  angular  polished  quartz  grains,  which  differ 
from  the  pebbles  only  in  size.  In  the  quieter  locations  the 
waters  would  deposit  the  finer  materials,  forming  the  beds  of 

*  Report  of  a  Geological  Keconnolsance  of  that  part  of  the  state  of  Missouri 
adjacent  to  the  Osage  river,  In  18S9,  and  published  In  the  Journal  of  the  Senate 
of  Missouri,  first  of  the  Eleventh,  1840,  pp.  517  and  418. 
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shale  and  clay,  and  these  wonld  contain  the  fragmentary  fossil 
remains  such  as  are  found  in  the  shales  and  clays  of  the  area» 

Another  theory  supposes  that  these  deposits  were  laid 
down  by  the  large  rivers  that  drained  the  early  continental 
areas.  One  woald  certainly  expect  to  find  many  evidences  of 
these  ancient  streams,  which  were,  without  doubt,  powerful 
eroding  agents  at  that  period  in  the  earth's  history,  when  the 
rainfall  must  have  been  several  hundred  inches  a  year. 

There  are  many  arguments  in  favor  of  the  view  that  the 
Oraydon  sandstone  and  conglomerate  in  this  district  are  the 
remains  of  prehistoric  river  systems,  and  they  seem  especially 
applicable  to  the  conditions  found  in  townships  27,  30,  3L  and 
32,  in  range  23.  In  many  places  the  evidence  is  strong  that 
the  sandstone  and  conglomerate  have  been  deposited  in  a  val- 
ley gouged  out  of  the  Upper  Burlington,  as  is  seen  on  the  farm 
of  Mr.  Jesse  Cotter,  in  Tp.  30,  B.  XXIII,  Sec.  33.  For  sev- 
eral miles  north  and  south  of  this  place  at  various  points,  the 
sandstone  evidently  rests  on  the  side-hill  or  slopes  of  the 
Upper  Burlington,  the  latter  formation  outcropping  on  high 
points  on  either  side  of  the  sandstone  deposit.  The  same  i» 
true  at  Oraydon  Springs.  A  quarter  of  a  mile  south  of  the 
hotel  at  this  place,  in  a  little  branch,  the  contact  between  the 
limestone  and  sandstone  is  sharply  marked,  and  from  this  point 
for  a  number  of  miles  northward.  Major  E.  W.  Newton,  states 
that  the  old  valley  is  much  more  easily  traced,  and  that  there  is 
every  evidence,  from  well  sections,  and  from  the  contour  of  the 
valley,  that  this  old  river  flowed  for  many  miles  to  the  north,  and 
had  its  outlet  into  the  Osage  west  of  Osceola.  A  current  that 
would  transport  such  an  amount  of  bowlder  material  must  have 
been  very  rapid  and  powerful.  Its  early  action  must  have  been 
to  erode  a  channel  which  is  well  represented  in  the  deep  narrow 
valley  at  Graydon  and  northward.  The  trend  of  narrow  ridges 
in  the  conglomerate  deposit,  in  Tp.  27,  B.  XKIII,  already 
described,  is  what  one  would  expect  to  And  in  the  dropping  of 
deposits  in  rapidly-flowing  streams,  the  small  ridges  correspond- 
ing to  the  currents  of  the  stream.  The  variation  in  the  size  of 
the  pebbles  on  different  sides  of  the  deposit  is  what  one  would 
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expect  to  find  where  the  carrent  was  retarded  on  the  inner 
carve  of  a  stream,  where  the  fioer  material  would  be  deposited. 
This  is  well  illastrated  in  the  locality  last  referred  to,  and  was 
noticed  in  the  description  of  that  deposit.  Again,  the  deposits 
of  clay,  so  characteristic  in  the  depressions  in  this  conglom- 
erate, the  tambled  bowlder  masses  of  Goal  Measures  limestone 
associated  with  these  clays,  the  fragmentary  character  of  the 
plant  remains  found  in  this  clay  and  shale  ( the  last  character- 
istic being  especially  noticeable  in  the  clay  deposited  in  the 
conglomerate  at  Billings ),  and  the  irregular  and  tilted  bedding 
of  the  day  and  shale,  are  all  what  one  might  expect  to  find  in 
bends  of  great  rivers  and  where  the  entering  waters  of  tributary 
streams,  retarding  the  main  currents,  would  caase  a  deposition 
of  the  sediment  carried  by  the  waters.*  Still  again,  the  basin- 
like  deposit  of  the  conglomerate  upon  the  Graydon  sandstone 
northeast  of  Strafford,  and  the  peculiar  eddy-like  deposits  of 
the  sandstones  seen  in  cro^s-sections  in  the  face  of  the  bluff 
at  this  point,  and  already  described  on  a  preceding  page,  would 
afford  strong  evidence  of  the  truth  of  this  view. 

At  one  point,  on  the  summit  of  Edmiston  hill,  in  Tp.  37, 
R.  XXI,  Sec.  35,  there  seems  to  be  a  j auction  of  two  branches, 
one  from  the  east  and  the  other  from  the  southeast,  and  at  such 
points  the  conglomerate  seems  to  be  heavier,  and  some  of  the 
patches  of  coarse  conglomerate  alternating  with  the  sandstone 
ridges,  seem  to  be  due  to  the  retarding  influence  of  two  meet- 
ing currents. 

Where  surface  erosion  has  been  great,  this  Graydon  sand- 
stone and  conglomerate  have  withstood  this  force,  and  in  some 
places  is  found  standing  out  in  bold  narrow  ridges,  as  seen  in 

*  ilanke.  In  Page's  (ieology,  p.  28,  bas  shown,  by  experiment,  that  a  current 
moving  at  the  rate  of  three  Inches  per  second,  will  erode,  and  carry  along  fine 
clay;  at  the  rate  of  six  Inches  per  second,  It  will  carry  along  fine  sand;  at  eight 
Inches  per  second,  coarse  sand;  at  twelve  Inches,  gravel;  twenty-four  Inches, 
pebbles;  three  feet,  angular  stones  the  size  of  a  hen's  egg.  It  will  be  noted  that 
the  transporting  power  increases  at  a  greater  ratio  than  the  velocity,  and  i^e 
Conte  has  shown.  In  his  *' Elements  of  Geology."  p.  19,  that  the  transporting 
power  of  a  current  varies  as  the  sixth  power  of  the  velocity ,  and,  further,  that 
the  slightest  retardation  of  the  current  tends  to  the  Immediate  deposit  of  large 
portions  of  sediment.  These  facts  will  give  some  light  on  the  rapidity  of  the 
current  of  the  river  which  carried  such  large  debris  as  described  above. 
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Tp.  31,  B.  XXni,  Sees.  8  and  9,  at  Warren's  blaff,  northeast 
of  Strafford,  and  many  other  points.  Where  the  erosive  action 
has  been  very  great,  this  formation  frequently  protects  great 
areas  beneath  it,  making  high  monnds  which  stand  np  boldly 
above  the  level  of  the  snrronnding  country.  These  monnds 
forcibly  illastrate  theamonnt  of  erosion  which  has  taken  place 
since  carboniferous  times,  and  good  examples  of  them  are 
found  in  the  region  south,  west  and  northwest  of  Fair  Orove. 
Further,  as  to  the  nature  of  the  deposits  in  tbe  conglom- 
erate, it  should  be  stated  that  most  of  the  pebbles  in  the  de- 
posits in  the  extreme  eastern  portion  of  the  district  seem  to 
have  been  derived  from  the  chert  of  the  Lower  Silurian  for- 
mations which,  further  to  the  east,  are  exposed  over  large  sec- 
tions of  country.  At  other  points,  in  the  western  portion  of 
the  area,  the  chert  has  a  Lower  and  Upper  Burlington  cast, 
while  a  great  deal  of  it  is  of  extremely  doubtful  origin.  The 
presence  of  the  small  grains  of  pure,  limpid  quartz,  as  seen  on 
the  north  line  of  the  deposit  in  B.  XXIII,  Tp.  27,  in  Ohristian 
county,  as  well  as  at  other  points,  and  that  forming  the  cenfient- 
ing  matrix  so  generally  diffused,  together  with  the  presence  of 
mica,  would  indicate  that  they  had  their  source  in  some  gran- 
itic outcrop ;  but  the  distance  of  such  an  outcrop  is  too  great 
to  readily  explain  the  agency  of  water  in  transporting  it  to  the 
present  location.  The  foreign  nature  of  the  pebbles  in  the 
mill-stone  grit  of  Ohio  has  been  the  source  of  much  specula- 
tion, and  of  a  third  theory,  which  Dr.  J.  S.  Newberry*  very 
ably  discusses  in  his  dissertation  on  the  origin  of  mill-stone 
grit  in  Ohio.  It  will  be  remembered  tbe  belief  has  already 
been  expressed  that  this  conglomerate  belongs  to  the  Upper 
Goal  Measures,  and  not  the  mill-stone  grit,  the  conglomerates 
of  the  two,  however,  being  somewhat  similar  in  structure.  Dr. 
Newberry  believes  that  neither  estuary  nor  river  deposit  will 
account  for  the  formation  of  the  mill-stone  grit.  He  says : 
'^  The  approximate  uniformity  in  the  thickness  of  the  deposit 
and  its  similarity  of  composition  over  all  parts  of  the  area 
that  it  occupies,  forbid  the  acceptance  of  river-action  as  the 

Hieol.  Ohio,  vol.  II,  pp.  10;M07. 
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figenoy  of  its  distribatioD.  Again,  the  action  of  *narrow  oar- 
rents  of  water  haviog  snffioient  velooity  to  transport  snoh  a 
mass  of  coarse  material  several  hnndred  miles,  woald  not  be 
shown  simply  in  sach  transportation,  but  these  currents  wonld 
deeply  excavate  the  anderlyiog  beds  over  which  they  flowed, 
and  which  were  at  this  time  scarcely  in  any  degree  consoli- 
dated. Those  waves  acting  upon  this  portion  of  the  continent 
conld  not  have  effected  such  distribution,  as  they  have  no 
power  to  create  quartz  pebbles  except  as  they  have  quartz 
rock  to  work  upon.  Advancing  shore  waves  could,  therefore, 
not  have  deposited  two  or  three  hundred  feet  of  sand  and 
gravel  several  hundred  miles  out  upon  a  flat,  composed  alto- 
gether of  fine  material. 

*^  In  looking  through  the  geological  series  for  some  similar 
deposit  which  could  serve  as  an  explanation  of  this  one,  I 
have  found  none  that  seemed  to  offer  so  close  a  parallel  as  the 
later  drift  deposits  spread  over  the  northern  half  of  the  Mis- 
sissippi valley.  Here  we  have  in  many  localities  a  mass  of 
material  which,  if  consolidated,  would  form  an  almost  perfect 
copy  of  the  carboniferous  conglomerates — beds  of  gravel  in 
which  the  pebbles  are,  for  the  most,  part,  quartz,  undistinguish- 
able  from  those  of  the  conglomerate,  and  sheets  of  sand,  nearly 
or  quite  free  from  pebbles.  It  is  true  that  most  of  the  drift 
contains  bowlders  of  larger  size  than  any  found  in  the  con- 
glomerate, but  over  large  areas  these  are  restricted  to  the 
summit  of  the  series,  and  mark  a  distinct  epoch  in  the  chain  of 
events.  Throughout  a  wide  area,  too,  we  find  the  gravels  and 
sands  of  the  drift  resting  upon  the  lower,  fine  drift  clays,  pre- 
cisely as  the  conglomerate  rests  upon  the  mud  stones  of  the 
Waverly  and  the  sub-carboniferous  limestones.  To  explain 
the  phenomenon  presented  by  the  drift  deposits,  I  have  been 
compelled  to  invoke  the  aid  of  floating  masses  of  ice,  and  have 
suggested  that  the  gravels  and  sand  which  form  the  upper  lay- 
ers of  the  drift  have  been  floated  to  their  present  resting-places, 
frequently  from  points  of  origin  500  miles  distant,  and  quietly 
dropped  down  upon  the  soft  clays  below;  arguing  that  the 
currents  of  water,  or  currents  of  ice,  transporting  these  grav- 
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els,  sands  aixl  bowlders,  coald  not  have  deposited  them  where 
they  are  foand  withoat  tearlDg  ap  the  aQderlying  clays." 

The  above  somewhat  lengthy  quotation  from  Dr.  Newberry 
is  here  given,  in  order  that  the  variovs  methods  of  accoanting 
for  a  similar  extraordinary  deposit  may  be  more  readily  com- 
pared, and  to  assist  fatnre  workers  in  this  region  to  carry  on 
their  investigations.  It  seems  strongly  probable  that  the  most 
of  these  deposits  in  this  area  either  fill  ancient  river  channels 
or  are  portions  of  river  deposits,  and  the  reasons  therefor  may 
be  snmmed  op  as  follows  : 

First,  the  decided  evidence  of  buried  channels  from  the 
soathwest  corner  of  Tp.  30,  E.  XXIII,  to  Oraydon  Springs,  as 
indicated  by  the  sandstone  deposit  on  the  accompan^^ing  map. 

Second,  the  lack  of  any  uniformity  or  regular  bedding  in 
the  deposits,  which  are  laid  down  in  more  or  less  incoherent 
masses,  although  false  bedding  is  not  uncommon. 

Third,  the  pocket-like  deposits  of  tilted  clays  and  shales, 
mixed  with  tumbled,  bowlder-like  masses  of  foreign  limestone. 

Fourth,  the  tumbled  and  fragmental  deposits  of  fossil 
leaves  and  plants  in  the  sandstone. 

Fifth,  the  variation  in  the  deposits  in  bends  of  the  chan- 
nel, the  finer  debris  being  dropped  on  the  inner  curve  of  the 
bend. 

Sixth,  the  arrangement  of  the  exposed  bowlders  and  sand, 
in  places,  in  trends  apparently  corresponding  to  the  eddies  and 
irregular  currents  of  the  stream. 

Seventh,  in  cross  sections  obtained  in  bluffs,  as  referred 
to  the  Warren  bluff,  northeast  of  Strafford,  where  the  irregu* 
larity  in  the  debris  resembles  what  one  would  expect  to  be 
deposited  by  small  eddies  and  whirlpools. 

.  Eighth,  a  cross-section  of  the  last-named  bluff  indicates 
the  position  of  the  conglomerate  upon  the  sandstone  as  filling 
a  second  basin. 

Against  this  view  may  be  briefly  mentioned  the  following : 

First,  the  enormous  size  of  these  supposed  rivers,  reach- 
ing at  Billings,  a  width  of  nearly  two  miles. 
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Second,  the  great  number  of  these  supposed  streams 
within  a  small  area,  there  being  three  within  foar  miles  of  each 
other  northeast  of  Strafford,  each  hadng  a  width  varying  from 
a  quarter  tp  a  half  mile. 

Third,  the  great  fall  that  they  mnst  have  had,  the  enormoa& 
rapidity  of  the  current,  and  the  great  body  of  water  necessary 
to  have  carried  debris  having  bowlders  of  sach  great  size. 

Fourth,  the  source  or  origin  of  the  quartz  in  the  pebblea 
and  coarser  sand,  the  chert  pebbles  being  more  easily  accounted 
for. 

In  answer  to  some  of  these  objections,  it  may  be  said,  in 
general,  that  the  rainfall  must  have  been  enormous,  reaching 
several  hundreds  of  inches  a  year  during  and  following  the 
carboniferous  period.  ( See  Le  Oonte's  "  Elements  of  Oeology,'"^ 
p.  372,  for  discussion  of  this  subject.)  Consequently  the  size 
of  the  streams  must  have  been  immense  compared  to  those  of 
to-day,  and  the  erosion  correspondingly  great. 

In  the  early  part  of  this  chapter  it  has  been  said  that  pos- 
sibly these  deposits  occasionally  lie  upon  and  merge  into  the 
ferruginous  sandstone.  The  word  ^'possibly"  was  used  be- 
cause of  grave  doubts  of  the  existence,  in  this  area,  of  thai 
formation  known  to  Swallow  as  the  ferruginous  sandstone. 

A  list  of  localities  where  small  patches  of  this  sandstone- 
are  found  is  here  given  : 

Near  center  of  S.  line  of  23,  32,  23,  In  the  road  Just  northwest  of  the  hotel  at 
MorrlsYllIe. 

In  the  Se.  of  Xw.  Vi  of  26,  32,  23. 

In  the  Nw.  Vi  of  27.  82, 23. 

IntheNe.  Viot  33.32.21. 

Near  the  middle  of  the  S.  >^  of  H,  81.  23. 

In  the  E.  H  of  Sw.  of  26,  and  the  N.  '^  of  Nw.  of  85,  31.  23,  at  church  and 
cemetery. 

Near  the  middle  of  W.  V<2  of  Se.  of  84,  81,  23,  on  the  Hammontree  farm. 

In  the  middle  of  Se.  of  36,  31,  23. 

In  the  Ne.  of  Nwr.  of  2,  80.  23. 

Near  the  center  of  W  V^  of  Ne.  of  4,  30,  23. 

Just  north  of  Cave  Spring,  In  the  Se.  of  4,  30,  23. 

In  the  Nw.  of  Ne.  of  10,  30,  23. 

In  the  B.  K  of  21,  and  the  W.  ^  of  22,  30,  23. 

In  the  N.  H  of  82,30,22. 

North  oX  the  middle  of  the  N.  i^  of  20,  30,  21. 

In  the  Ne.  of  Nw.  of  20.  30.  21. 
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East  of  the  middle  of  S.  line  of  19.  80,  21  (?) . 
Near  the  Johnson  Mines.  Just  8w.  of  middle  of  29,  30,  20. 
The  middle  of  the  Xw.  of  12,  30,  20,  the  Sampson  Bass  farm. 
Near  the  middle  of  3,  29,  21,  near  Rellley  &  Heflfernan's  park. 
On  the  Brower  farm,  near  middle  of  N  ^iz  of  5,  29, 23. 
Near  the  middle  of  W.  >^  of  4,  29,  23. 
Se.  corner  of  lO,  29,  23. 
In  the  Sw.  of  Se.  of  14,  29,  23. 
In  the  S.  V2  of  Se.  of  16.  29,  23. 
Near  the  middle  of  the  S.  ^  of  85.  29,  23. 
South  of  the  middle  of  the  W.  line  of  82,  29.  23. 
On  the  N.  line  of  6,  28,  23. 
Near  the  middle  of  Nvr.  of  4,  28.  23. 
In  the  Ne.  of  Ne.  of  2,  29,  23. 

TheS.  >i  of  N.  >^  of  10.  and  the  N.  H  of  S.  Vs  of  10,  28.  28,  and  the  Se.  of  9^ 
28,23. 

The  N.  V2  Of  15.  and  the  Ne.  of  16.  28,  23. 

Several  patches  In  the  Se.  of  17.  28,  23. 

The  Ne.  of  Ne.  of  20,  28.  23. 

Patches  running  diagonally  Nw.  through  21, 28.  28. 

The  center  of  8.  >^  of  Sw.  of  22,  28.  28. 

The  Se.  corner  of  lA,  and  the  Nw.  cornsr  and  center  of  21,  29,  23. 

The  Se.  of  Se.  of  80,  28.  23. 

The  center  of  the  Se.  of  18,  28,  22. 

Near  the  center  of  the  S.  Vi  of  19,  and  the  center  of  N.  V2  of  80.  28.  22. 

Several  patches  In  the  Nw..  center  and  Se.  of  30,  28,  22. 

The  center  of  the  W.  ^.  and  the  center  of  the  S.  line  of  11.  27,  22. 

The  center  of  Se.  of  10.  27.  22. 

TheNe.  of  6.  27,  24. 

Near  the  center  of  8, 27, 23. 

TheNe.  of  17,27,23. 

Center  of  the  Sw.  of  22.  27.  23. 

Several  small  patches  In  the  W.  >^  of  29,  and  the  N.  V^  of  82.  27,  23. 

Tp.  81.  R.  XXIV,  Sec.  8.  Se.  k. 

Tp.  31,  R.  XXIV,  Sec.  3,  Sw.  Vi. 

Tp.  31.  R.  XXIV,  Sec.  6.  E.  h^. 

Tp.  81,  R.  XXIV.  Sec.  8,  Se.  Vi. 

Tp.  31,  R.  XXIV,  Sec.  13,  Nw.  k- 

rp.  81.  R.  XXIV.  Sec   16.  Nw.  U. 

Tp.  81,  R.  XXIV.  Sec.  21,  Se.  I4 

Tp.  31,  R.  XXIV,  Sec.  22,  greater  part  of  W.  hi- 

Tp.  31,  R.  XXIV,  Sec.  24,  Nw.  U. 

Tp.  31,  R.  XXIV.  Sec.  34,  Ne.  U. 

Tp.  31,  R.  XXIV,  Sec   36,  E.  V^. 

Tp   32,  R.  XXIV,  Sec  26,  Sw.  U- 

Tp.  32.  R.  XXIV,  Sec.  29.  W.  ^i. 

Tp.  32,  R.  XXIV.  Ses.  30.  W.  ",2. 

Tp.  32.  R.  XXIV,  Sec.  83.  Ne.  U. 

Tp   30.  R.  XXIV,  Sees   4  and  5. 

Tp.  30,  R.  XXIV.  Sec.  9,  Ne.  U. 

Tp.  30,  R.  XXIV,  Sec.  11. 

Tp.  30,  R.  XXIV,  Sec.  13,  Se.  »i. 

Tp.  30,  R.  XXIV,  Sec.  14.  N.  S. 
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Tp.  30,  R.  XXIV,  to  south  line. 

Tp.  80,  R.  XXIV,  Sec   27,  Se.  I4 

Tp.  30,  R.  XXIV.  Sees.  H2  and  83. 

Tp.  30,  R.  XXIV.  Sec.  35,  Xw.  Ui . 

Tp.  29,  R.  XXIV.  Sec.  1,  Ne. 

Tp.  29,  R.  XXIV.  Sec.  4.  W.  ^. 

Tp.  29.  R.  XXIV,  Sec.  6,  E.  J^ 

Tp   29,  R.  XXIV.  Sec.  6,  Ne.  Vi  and  W.  U 

Tp.  29,  R.  XXIV,  Sec.  7,  W.  ^i. 

Tp.  29,  R.  XXIV,  Sec.  8,  N.  1/2. 

Tp.  29,  R.  XXIV,  Sec.  30.  center  and  Se. 

Tp.  28,  R.  XXIV,  Sees.  5,  6.  7  and  Nw.  of  8. 

Tp.  -28,  R.  XXIV,  Sees,  28,  29  and  .SO 

Greater  part  of  the  N.  hi  ot  Tp.  27,  R.  XXIV. 

THB   BBPUBLIO   CHBBT. 

This  pecaliar  and  striking  chert  has  nowhere  been  foand 
bedded  within  the  limits  of  the  district.  It  seems  to  be  widely 
spread,  in  small  blocks  and  masses,  as  a  kind  of  residual 
material  lefr  by  the  breaking  down  and  destrnction  of  saperin- 
enmbent  beds  over  a  large  portion  of  the  higher  points  within 
the  district,  and  overlies,  apparently,  all  the  other  formations. 
The  chert  is  so  striking  that  it  cannot  fail  to  attract  the  atten- 
tion of  even  the  most  casual  observer.  It  stands  midway  be- 
tween the  Upper  and  Lower  Burlington  cherts  in  texture,  and 
it  presents  Itself  under  two  types,  the  first  a  distinctly  strati- 
fied form,  in  which  the  bedding  planes  are  represented  more 
by  coloration  than  by  any  difference  in  the  texture  of  the 
layers.  The  alternating  light  and  dark  bands  of  the  chert  are 
due  to  the  presence  of  iron  in  greater  or  less  degree,  this  ele- 
ment being  distributed  in  such  a  way  as  to  give  a  banded  appear- 
ance to  the  rock.  It  is  highly  fossiliferous,  being  filled  with 
minute  cavities  representing  broken  crinoid  stems,  with  occa- 
sional fragments  of  brachiopods  too  small  to  be  determined.  The 
alternating  bands  of  brown  and  bluish-white  are,  undoubtedly, 
brought  out  by  the  burning  over  of  the  surface  by  forest  fires. 
A  large  mass  freshly  broken  presents,  internally,  a  more  evenly 
colored  surface,  although  the  bedding  planes  are  distinctly 
noticed  as  consisting  of  porous  layers  alternating  with  those 
that  are  more  dense. 
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The  second  form  of  this  chert  is  still  more  extraordinary. 
It  is  a  dense,  compact  conglomerate  of  small,  oval,  agatized 
masses  of  chert,  solidly  merging  into  each  other,  and  made  ap 
of  alternating  layers  of  brown  and  yellowish  or  blnish-white 
bands,  the  teztnre  of  these  bands  corresponding  to  that  in  the 
other  variety  described.  Frequently  the  darker  bands  merge 
into  a  form  of  clay  ironstone.  They  are  often  highly  fossili- 
feroQS,  containing  fragments  of  Streptorhynchas,  probably  8. 
orenistria.  From  its  coloration,  this  variety,  at  a  little  dis- 
tance, is  frequently  mistaken  for  blocks  of  sandstone.  Occa- 
sionally, as  on  the  farm  of  Mr.  Eelso  (Tp.  30  K,  B.  XXIII  W., 
Sec.  20 ),  the  chert  masses  assume  a  concretionary  structure, 
and,  occasionally,  contain  geodes  of  quartz  crystals.  East  and 
•eouth  of  Buckley,  this  chert  is  scattered  over  the  fields  in 
masses  from  six  to  ten  inches  in  diameter,  and  has  the  typical 
agglutinated,  agatized,  sand  character. 

This  chert  is  widely  distributed,  especially  in  the  extreme 
western  part  of  the  area,  and  in  ranges  XXII  and  XXIII,  south 
of  the  Polk  county  line.  It  is  particularly  abundant  in  the 
oenter  and  eastern  parts  of  Tp.  29  N.,  B.  XXIII  W.,  where  it 
has  frequently  been  piled  up  into  stone  walls ;  also  east  of 
Ebenezer,  on  the  post-oak  flats,  it  is  quite  abundant,  and  on 
the  prairies  between  Brookline  and  Republic.  In  and  around 
the  coal  measures  deposits  on  the  Eelso  farm,  Tp.  30  N.,  B. 
XXill  W.,  Sec.  20,  it  is  widely  distributed  over  the  beds  of 
>ehale  and  conglomerate. 

TBBTIABT. 

Deposits  closely  resembling  the  gravels  that  collect  on 
river  beds  to-day,  but  loping  so  high  above,  and  frequently  so 
•distant  from  the  streams  that  their  origin  can  hardly  be  referred 
to,  recent  stream  d  eposits  are  met  with  in  places  within  the 
area.  Several  such  gravel  beds  have  been  discovered  in  Greene 
county,  notably  the  one  found  just  west  of  Oates  station  on 
the  Ohadwick  branch  of  the  St.  Louis  and  San  Francisco  rail- 
road, Tp.  28,  B.  XXI,  Sec.  20,  Sw.  qr.  This  is  situated  at  an 
altitude  of  40-100  feet  above  the  James  river,  and  from  a  quarter 
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to  abont  a  half  a  mile  west  of  that  stream.  The  deposit  has 
been  exposed  for  aboat  a  qaarter  of  a  mile  along  the  right  of 
way  of  the  railroad,  and  the  ooauty  road  ranniDg  soathwest 
from  Gates  indicates  its  extension  for  something  less  than  a 
mile  in  that  direction.  This  has  been  before  referred  to  under 
the  head  of  Boad  Material.  Another  small  outcrop  has  been 
noticed  not  far  from  the  Bockbridge  road,  east  of  the  iron 
bridge  which  crosses  the  James.  It  is  believed  that  these 
gravels  belong  to  the  problematical  Lafajette  formation  of  the 
Pliocene.  They  rest  nnconformably  opon  the  Barlington,  and 
are  nnconformably  overlaid  by  the  Pleistocene.  No  fossils  are 
found,  and  while  many  authorities  regard  the  Lafayette  sands 
and  gravels  as  of  marine  origin,  referring  them  to  the  Pliocene, 
others  believe  them  to  be  Pleistocene,  and  to  have  been  formed 
from  the  melting  of  the  first  ice  sheet. 

PLBISTOOBNB. 

No  evidence  of  Pleistocene,  or  glacial  drift  has  been  found, 
as  the  area  lies  too  far  to  the  south.  The  Pleistocene  is  well 
represented,  however,  by  the  usual  residuary  deposits  of  soils, 
clays  and  cherts,  the  beds  varying  in  thickness  from  a  few 
inches  to  30  or  40  feet,  being  much  thicker  and  more  widely 
distributed  over  the  Upper  Burlington  limestone  than  over  the 
other  formations.  The  variations,  as  represented  by  the  dif- 
ferent horizons,  and  their  important  relations  to  agriculture 
have  been  discussed  in  connection  with  each  formation  de- 
scribed. 

Frequent  reports  have  been  made  in  regard  to  bones  found 
in  the  caves  of  the  region.  Only  one  case  has  been  investi- 
gated, and  this  was  on  the  Owen  farm  northwest  of  Springfield 
(Tp.  30  N.,  B.  XXII  W.,  Sec.  35,  Ne.  qr).  In  this  cave  were 
found  a  large  number  of  bones  of  pleistocene  age.  In  1885, 
in  excavating  just  south  of  the  roundhouse  of  the  Kansas 
Oity,  Fort  Scott  and  Memphis  railroad  shops,  in  Springfield,  a 
well  preserved  mastodon's  tusk  8  feet  long  was  found  in  a 
horizontal  crevice  in  the  limestone.  It  was  imbedded  in  black 
mud. 
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GEOLOGICAL  STRUCTURE. 

The  area  comprised  in  the  Greene  connty  sheet  lies  in  a 
broad  belt  across  the  Ozark  Uplift,  not  far  from  its  center. 
The  central  axis  of  the  Uplift,  or  the  Springfield  fold,  forms  a 
diagonal  extending  approximately  through  the  middle  of  the 
area,  at  an  angle  of  abont  15  degrees  north  of  east.  Professor 
G.  O.Broadhead,  in  his  valaable  paper  pablished  in  The  Ameri- 
can Geologist  for  Jannary,  1889,  was  the  first  to  describe  and 
name  the  Uplift. 

In  the  following  description  of  the  flexures  and  folds  of 
this  Uplift,  great  care  has  been  taken  to  distingnish  between 
the  true  dip  and  the  local  dip  produced  by  the  nndermining  of 
the  so  easily  decomposed  strata  of  many  of  the  horizons  of 
this  region.  It  has  been  diffioalt  to  accurately  define  the 
course  of  the  axes,  or  to  trace  some  of  them  out  over  the 
whole  extent  of  the  sheet.  The  Uplift,  as  exposed  in  this  dis- 
trict forms  a  somewhat  complicated  system,  made  up  of  four 
divergent  anticlinal  folds,  which  are : 

1.  The  Springfield  anticline. 

2.  The  Gray  don-North  view  anticline. 

3.  The  Bolivar- Marshfield  anticline. 

4.  The  Ohesapeake-Kirbyville  anticline. 
The  synclinal  valleys  noted  are  as  follows  i 

1.  The  South  Sac-Ash  Grove  synoline. 

2.  The  North  Sac  syncline. 

To  the  northwest,  beyond  the  area,  the  Uplift  extends  in 
billowy  anticlinal  folds,  gradually  diminishing  as  they  approach 
the  Missouri  river. 

a  HE  SPBINGFIBLD  ANTIGLINB. 

This  is  the  central  axis  of  the  district.  Entering  Greene 
county  in  about  its  southwest  corner,  it  passes  in  northeasterly 
course,  essentially  outlined  by  the  St.  Louis  and  San  Francisco 
railroad,  until  it  reaches  Springfield;  then,  turning  to  about  15 
degrees  north  of  east,  it  passes  through  Strafford,  and  leaves 
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the  area  jast  north  of  Northvlew.  The  northern  slope  of  this 
central  axis,  especially  that  part  between  Springfield  and 
Northview,  is  much  more  abrupt  than  the  southern  slope. 
Oommercial  street,  in  the  city  of  Springfield,  is  the  crest  of 
this  part  of  the  fold.  Water  from  the  north  gntter  of  the  street 
flows  into  the  Sac,  Osage  and  Missoarl,  to  the  north,  and  that 
from  the  sonth  gutter  into  Wilson  creek,  James,  White  and 
Mississippi  rivers. 

The  *^ Frisco"  railroad,  eastward,  approximately  follows 
this  crest  which  becomes  sharper  and  more  elevated  as  it 
leaves  the  district  near  Northview.  The  north  slope,  in  places, 
breaks  into  some  very  interesting  faults,  especially  along  Dry 
Sac  valley,  near  McOracken's  mill,  in  Tp.  29,  B.  XKI  W.,  Sees. 
3  and  4,  and  these  probably  continue  westward,  as  faulting  has 
been  located  at  Bitter's  mill,  Tp.  29,  B.  XXII,  center  of  the 
east  side  of  Sec.  4.  Block  faulting  is  also  noticed  on  the 
southern  slope,  in  Backsnort  Hollow,  between  Tps.  29  and  30, 
B.  XIX.  To  the  east  this  fold  is  well  developed  through  Marsh- 
field,  Lebanon,  and  still  further  on  in  the  same  general  direction. 

West  of  Springfield,  the  fold  broadens  out  into  a  wide  belt 
of  prairie,  upland  of  upper  Burlington  limestone.  The  Oarthage 
and  Mt.  Vernon  roads  lie  just  to  the  north  of  the  crest  to  the 
Lawrence  county  line. 

The  southeast  corner  of  the  area  is  more  or  less  elevated, 
forming  the  north  slope  of  what  will  probably  be  found  to  be 
another  fold,  outside  of  this  district,  slightly  diverging  f^om 
parellelism  with  the  Springfield  fold. 

An  examination  of  the  map  accompanying  this  report  will 
give  a  general  idea  of  the  flanks  of  these  two  great  folds. 
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THB   GttAYDON-NOBTHVlBW  ANTICLINB.* 

In  the  north  half  of  the  sheet  a  great  asymmetrical  anti- 
clinal fold,  having  a  general  soatheasterly  coarse — 20  degrees 
sooth  of  east — enters  the  area  in  the  southwest  corner  of  Polk 
connty,  in  Tp.  31,  B.  XXIY,  Sec.  6,  and  merges,  apparently, 
into  the  Spriogfleld  fold  jast  west  of  North  view.  This  has 
been  named  the  Graydon-Northview  anticline. 

From  the  abrnpt  slope  of  the  Springfield  fold,  which  merges 
into  the  synclinal  valley  through  which  the  Dry  Sac  Hows,  a 
more  or  less  gentle  elevation  to  the  north  leads  to  a  broad 
plateau  which  merges  into  the  crest  of  Oraydon-Northview 
anticline.  The  northern  slope  of  this  fold  is,  in  places,  very 
abrupt,  breaking  at  a  number  of  points,  into  a  series  of  block 
faults,  forming  tho  asymmetrical  variety  of  an  anticlinal  fold. 
In  other  places,  the  strata  are  greatly  tilted,  and  a  synclinal 
valley  is  formed,  through  the  west  half  of  which  the  North 
Dry  Sac  flows  throughout  nearly  its  whole  coarse  in  this  dis- 
trict, and  to  which  has  been  given  the  name  of  the  North  Dry 
Sac  syncline,  since  to  the  southeast  the  valley  narrows  and 
becomes  more  obscure,  as  the  fold  gradually  merges  into  the 
Springfield  fold. 

Unusually  good  points  for  outlining  sections  and  studying 
the  block  faults  along  the  anticline  are  on  the  Gave  Spring  and 
Morrisville  road,  in  Tp.  31,  B.  XXIII,  Sees.  4  and  9;  in  the 
region  a  mile  and  a  half  south  of  the  Sac  and  east  of  this 
point,  in  Tp.  31,  B.  XXII,  Sees.  17, 18,  '20  and  29,  on  the  Spring- 
field  and  Morrisville  road,  in  Bird  Eye  hollow ;  on  the  Spring- 
field and  Bolivar  road  on  Presley  hill,  Tp.  31,  B.  XXII,  Sees. 
16  and  22;  on  the  Springfield  and  Pleasant  Hope  road,  Tp.  31, 

B.  XXII,  3ecs.  13  and  24:  at  Edmiston  hill,  on  the  Springfield 
and  Baffalo  road,  in  Tp.  31,  B.  XXI,  Sees.  24,  25  and  26;  and 

*Thls  dlsturbaDCe,  which  was  described  as  a  monocline  In  the  earlier  pages 
of  this  report  has  been  more  extensively  studied  during  the  long  Interval  that 
has  elapsed  between  the  printing  of  the  first  and  later  pages,  and  the  more 
recent  research  points  to  the  fact  the  uplift  Is  more  probably  In  the  nature  of  an 
asymmetrical  anticline. 
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two  miles  soath  of  Fair  Grove,  along  theEbenezer  and  Marah- 
f  eld  road. 

An  interesting  example  of  the  probable  effect  of  these 
flexures  apon  the  early  drainage  system  of  this  coaniry  is  ex- 
hibited aboat  a  quarter  of  a  mile  east  of  Northview.  At  this 
point  the  '^  Frisco "  railroad  runs  on  a  trestle  over  a  small 
valley  that  crosses  the  main  water-shed  at  right  angles.  There 
is  evidence  that  the  James  river  used  to  flow  through  this  val- 
ley and  formed  a  continuation  of  the  Pomme  de  Terre  river  on 
the  north.  It  now,  however,  flows  to  the  southwest,  having 
been  turned  from  its  original  channel  by  the  elevation  of  the 
Uplift.  A  glance  at  a  geological  map  of  the  state  will  show 
this  change. 

THB  BOLIVAB-MABSHFIBLD  ANTIGLINB. 

This  great  fold  occupies  all  the  area  north  of  the  Dry  Bac 
sjncline.  The  crest  probably  enters  the  district  in  Tp.  32,  B. 
XX,  Sec.  16,  passing  southeastward  near  Elkland,  and  leaving 
it  near  Tp.  32,  B.  XIX,  Sec.  35.  This  great  anticline  will  be 
more  thoroughly  described  by  Major  E.  W.  I^ewton  in  his 
report  on  the  Bolivar  sheet.  It  seems  to  be  somewhat  crumpled, 
and  made  up  of,  at  least,  three  obscure  folds  or  wrinkles  sim- 
ulating small  anticlines.  In  passing  from  the  North  Sac 
syncline  across  this  great  fold,  the  first  minor  flexure  seems  to 
to  have  its  axis  on  a  line  between  Morrisville,  Brighton  and 
Fair  Grove.  Its  southern  slope  is  decided,  while  on  the  north 
there  are  obscure  indications  of  a  shallow  synclinal  trough. 
Tbe  second  minor  fold  seems  to  have  its  axis  on  a  line  drawn 
just  north  of  Pleasant  Hope,  southeastward  to  the  crossing  of 
the  Fair  Oro  ve  and  Elkland  road  at  the  Pomme  de  Terre,  where 
the  Second  and  Third  Magnesian  limestones  are  elevated.  In 
passing  through  Dallas  county,  on  the  Buffalo  road,  one  is  con- 
stantly impressed  with  the  strong  dip  of  the  rocks  to  the  south, 
and  the  great  elevation  of  the  First  sandstone  until  the  main 
crest  of  this  fold  is  reached  in  Tp.  32,  B.  XX,  Sec.  16.  North- 
ward from  here,  to  Oreasy  creek,  outside  of  the  area,  on  the 
Buffalo   road,  the  dip  is  strongly  to  the  north.    In  the  south 
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half  of  Beo.  17,  and  the  north-half  of  Beo.  20,  Tp.  82,  B.  XX^ 
i8  found  an  isolated  monnd  capped  with  Upper  Bnrlington,  and 
exposing  Ohontean  and  Hannibal.  The  West  Band  and  Mor- 
risville  road  well  illustrates  the  slight  fldznre  upon  which  Mor- 
risville  stands.  The  section  on  the  Bpringfleld  road  and  Bolivar 
road,  from  the  foot  of  Presley  hill  on  the  Sac,  throngh 
Brighton,  gives  a  strong  dip  from  the  latter  town  to  the  sonth, 
and  a  very  slight  one  to  the  north.  On  the  Springfield  and 
Pleasant  Hope  road  this  slight  fold  is  still  ontlined,  and  still 
fnrther  north  the  Pleasant  Hope  fold  is  developed.  In  the 
northeastern  corner  of  Oreene  connty,  and  in  the  portion  of 
Webster  connty  included  in  this  sheet,  the  Brighton  and  Mor- 
risville  fold  is  well  outlined  near  Fair  Grove,  and  also  at  Boden- 
heimer  monnd  in  Webster  county.  The  Picasant  Hope  fold  is 
obscurely  indicated  near  Sand  Spring. 

THB  GHBSAPBAKB-KIBBYViLLE  ANTIOLINB. 

This  anticline  and  probably  its  accompanying  faults,  passes 
throngh  the  southwestern  corner  of  our  sheet,  about  midway  be- 
tween the  towns  of  Billings  and  Marionville.  It  has  been  traced 
to  the  northwest  in  Lawrence  connty,  and  to  the  southeast  in 
Stone  and  Taney  counties.  The  high  uplands  covered  with 
the  Upper  Barlington  wreckage  conceal  the  continuity  of  the 
fold  in  this  territory.  It  was  first  discovered  two  miles  south- 
west of  Paris  Springs,  in  Lawrence  county,  in  passing  up  the 
branch  that  heads  by  Johnson's  distillery  near  this  point. 
Magnesian  rock,  probably  the  Second  Magnesian  limestone^ 
was  foQud  in  apparent  juxtaposition  to  the  Upper  Barlington. 
At  the  top  of  the  blufl',  a  hnndred  feet  above  this  point,  mem- 
bers of  the  Chouteau  group  outcrop.  About  a  mile  to  the 
northwest,  along  the  line  of  this  disturbance,  at  the  big  spring 
in  the  southwest  corner  of  Tp.  29,  B.  XXVI,  Sec.  36,  Second 
Magnesian  limestone  again  outcrops,  and  may  be  followed 
southeast  down  the  branch  toward  the  Johnson  distillery.  In 
tiie  bluff,  and  around  the  sink-hole  just  above  the  spring,  out* 
crops  of  the  Ohonteau  are  found.  A  short  distance  to  the 
northwest  along  the  line  of  the  disturbance,  at  the  top  of  the 


FAULTING  ALONG  OHESAPBAKB-EIBBYYILLB  FOLD.      149 

tiill  above  the  distillery,  just  north  of  the  center  of  Sec.  l,Tp. 
28,  B.  XXVI,  at  an  altitade  of  abont  200  feet  above  Tarnback 
<sreek,  Hannibal  shales  may  be  seen  in  juxtaposition  with 
Second  Mafs^nesian  limestone  on  the  west  side  of  the  road. 
The  amount  of  the  disturbance  may  be  estimated  by  the  fact 
that  Turnback  creek  flows  through  a  valley  of  Upper  Burling- 
ton limestone.  Swallow,  on  the  geological  map  accompanying 
his  report  on  ^'  The  Southwest  Branch  of  the  Pacific  Railroad," 
notes  the  presence  of  the  Ohoutean  group  at  this  point,  but 
does  not  note  the  fact  of  its  having  been  brought  up  by  the 
faulting  along  this  anticline.  The  extension  of  this  disturbance 
and  the  accompanying  faults  southeast  to  Chesapeake  is  well 
•exhibited.  At  the  springs  near  the  town  of  Chesapeake,  Mag- 
nesiah  limestone,  probably  the  Second,  abuts  against  the  Upper 
Burlington,  the  heavy  upthrow  being  on  the  east  side  of  the 
fold.  Another  interesting  locality,  and  the  most  northwesterly 
point  which  may  be  studied  along  the  line  of  this  fold,  was  dis- 
covered by  Major  £•  W.  Newton,  at  Williams'  spring,  on  the 
north  line  of  Lawrence  county,  Tp.  29,  B.  XXYI,  lot  5,  Nw. 
'qr.  of  Sec.  5.  South  of  this  area,  evidence  of  this  fold  may 
be  noted  in  northwestern  Stone  county,  Tp.  26,  B.  XXIY,  Sec. 
13.  Winslow,  in  his  Lead  and  Zinc  Beport,  p.  430,  quotes  Mr. 
Bdwin  Harrison  describing  a  line  of  disturbance  or  faulting  in 
Taney  county,  about  six  miles  west  of  Forsythe,  crossing  White 
river  in  a  Nw.  to  Se.  direction.  A  line  drawn  from  this 
point  to  the  Williams  spring  before  referred  to,  in  Lawrence 
county,  would  probably  mark  the  outline  of  this  anticline.  A 
general  parallelism  may  be  noticed  between  this  and  the  Oreen 
Forest  ( Arkansas )  and  Verona  anticline,  which  the  writer  has 
been  studying  in  connection  with  Major  £.  W.  Newton,  who 
first  discovered  it.  Although  the  localities  here  described  are 
all  outside  of  the  particular  area  to  which  this  report  is  devoted 
they  are  noted  in  order  to  indicate  the  extension  of  the  anti- 
cline through  this  area,  and  it  is  hoped  that  these  data  may 
stimulate  further  research  into  the  history  of  the  Ozark  Uplift. 
South  of  the  Springfield  anticline,  a  series  of  axial  or 
lateral  anticlines  have  been  outlined  mainly  from  studies  out- 
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side  of  the  distriot,  and  a  remarkable  relation  seems  to  exist 
between  tbem  and  the  location  of  the  mining  areas  on  the  souths 
a  relationship  that  oertainly  mnst  be  more  than  a  coincidence. 

This  subject  has  been  referred  to  nnder  the  head  of  Lead 
and  Zinc,  and  if  the  relationship  which  seems  so  apparent  can 
be  verified  by  more  extended  stndy,  especially  to  the  soath  and 
east,  it  will  throw  great  light  npon  the  origin  of  the  ore  de- 
posits of  the  sonthwest.  The  stndy  and  mapping  of  seventy 
or  eighty  of  these  mining  areas,  some  promising  and  others 
worthless,  have  resulted  in  the  finding  of  bnt  one  minor  excep- 
tion to  what,  it  is  believed,  will  develop  into  a  general  law» 
( See  chapter  on  Lead  and  Zinc.)  The  large  majority  of  these 
mining  camps  are  oatside  of  this  district,  and  the  connections 
of  the  folds  of  this  extra-limital  region,  with  their  probable  ex- 
tensions into  this  area,  cannot  well  be  indicated  on  the  accom- 
panying map. 

The  geological  history  of  sonth western  Missoari  is  of  great 
interest  and  of  considerable  complexity,  and  it  cannot  be  com- 
pletely elaborated  nntil  a  more  thorongh  stndy  of  the  sonth- 
em  half  of  the  state  and  of  northern  Arkansas  has  been  made, 
especially  in  regard  to  the  Archse^in,  Bilarian  and  the  Devonian 
formations.  Several  times  in  this  report  reference  has  been 
made  to  the  qnaqnaversal  at  Deoatnrville  on  the  lines  between 
Dallas  and  Oamden  connties.  Mention  has  also  been  made  of 
the  gradnal  elevation  of  the  lower  formations  in  passing  from 
the  southwestern  part  of  the  district  to  the  northwestern  corner 
on  to  Decatnrville,  where  is  found  the  only  granite  outcrop  in 
this  part  of  the  state. 

There  is  reason  to  believe  that  in  Archaean  times,  this 
portion  of  Missouri  consisted  of  an  archipelago  of  islands^ 
surrounded  by  a  broad  ocean.  It  is  probable  that  the  magne- 
sian  limestones  and  sandstones  of  the  Silurian  in  the  greater 
part  of  the  district  were  formed  as  relatively  shallow  water 
deposits  over  the  submerged  portion  of  one  or  more  of  these 
primitive  islands,  the  vicinity  of  Decatnrville  probably  repre- 
senting an  elevated  point  on  one  of  these  islands.  Later,  the 
Decatnrville  area  was  subjected  to  a  stronger  elevation,  or 
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protrasion,  which  prodaced  the  qnaqaaversal.  Studies  to  the 
west  indicate  the  coatioaation  of  the  general  dip  westward. 
It  is  interesting  to  note  that  Henry  King,  in  1839,  in  his 
*^ Oeological Eeconnoisance  of  the  Osage  river"  (The  Journal 
of  the  Seventh  of  Missouri,  the  First  of  the  Eleventh,  1840, 
p.  518),  states,  in  speaking  of  this  region  of  country,  that  '^  the 
general  dip  of  the  strata  is,  as  before  observed,  between  2  or 
3  degrees.  The  direction  is  in  accordance  with  the  general  dip 
of  the  basin,  that  is,  west  of  north,  about  the  mouth  of  Sac 
river,  north  in  Morgan  county,  and  perhaps  a  little  east  of 
north  in  Oole  county.  The  maximum  dip  is  near  the  outcrop 
of  the  strata,  whilst  lower  down  in  the  basin,  as  in  the  northern 
parts  of  Benton  and  Morgan  counties,  it  is  scarcely  perceptible. 
Besides  this  general  dip,  there  are  many  local  ones  which, 
though  limited,  and  produced  by  local  causes,  are  sometimes 
BO  extensive  as  to  produce  some  apparent  confusion.  This  is 
remarkably  the  case  on  the  Big  Oravois  and  Niangua." 

Dr.  King's  observations  would  aid  in  sustaining  the  view 
that  the  Decaturville  outcrop  is  somewhere  near  the  main  crest 
of  the  uplift,  and  is,  without  much  doubt,  a  portion  of  one  of 
the  early  ArchaBiu  islands.  The  highly-tilted  Silurian  strata 
immediately  uround  this  granitic  nucleus,  being  sometimes 
almost  vertical,  also  show  that  an  uplift  has  taken  place  since 
the  Silurian  rocks  were  laid  down,  and  it  will  be  seen,  later  on, 
that  the  rocks  in  this  locality  have  probably  not  been  sub- 
merged since  this  elevation  at  the  close  of  the  Silurian.  The 
rocks  subsequently  laid  down  along  this  western  slope  of  the 
Ozark  islands  were  evidently  off-shore  deposits,  there  being  a 
deep  sea  to  the  west  and  south  which  gradually  and  success- 
ivel>  receded  southward  and  westward,  leaving  the  more  frag- 
mental  deposits  near  the  coast  line,  and  the  liner,  deep  sea 
deposits  to  the  west,  as  has  already  been  indicated  under 
Btratigraphical  Geology. 

At  the  close  of  the  Oarboniferous,  the  Springfield  anticline 
was  still  further  elevated,  and  the  anticlinal  folds  to  the  north 
were  formed.    That  this  took  place  after  the  Oarboniferous, 
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seems  to  be  indicated  by  the  evideDce  obtained  from  ancient 
river  beds,  which  are  now  elevated  across  the  Uplift. 

Respecting  the  history  of  the  formations  but  little  can  be 
said,  and  that  only  in  the  most  general  way.  From  the  com- 
position of  the  Silnrian  deposits,  it  Is  inferred  that  the  alterna- 
tions of  limestoues  ond  sandstones  show  successive  oscillations 
from  deeper  seas  to  shallow,  off-shore  deposits.  The  character- 
sties  of  the  limestone  beds,  as  noted  in  the  chapter  describing 
them,  show  an  npper  and  lower  layer  of  cherty,  silicions, 
honeycombed  ( when  weathered*  ),  magnesian  limestone,  with 
massive  beds  of  hard,  compact,  purer  magnesian  limestone  be- 
tween. This  seems  to  be  nniformly  true  of  both  the  First  and 
Second  Magnesian  throaghoat  the  district.  The  silicions 
honeycombed  beds  seem  to  be  beds  of  passage  to  the  sand- 
stones above  and  below.  This  cnrions  mixtnre  might  be 
accounted  for  on  the  supposition  that  they  were  deposited 
by  rapid  currents  in  relatively  shallow  water,  while  the 
sandstones  which  preceded  or  followed  them  wero  laid  down 
in  quieter  shallow  water.  The  heavy-bedded  purer  central 
limestone  beds  seem  to  represent  periods  of  quiet  deposition 
and  deeper  seas.  From  the  hard,  chalcedonic  and  agatized 
cherts  of  the  Silnrian  limestones  might  be  inferred  the  possi- 
bility of  metamorphism  from  the  silicions  ooze,  which  was 
probably  their  original  condition.  From  the  unconformity  be- 
tween the  Oalciferons  and  the  overlying  beds,  and  the  great 
interval  that  exists  between  these  Silurian  rocks  and  the 
Devonian,  it  will  be  inferred  that  great  erosion  must  have  taken 
place.  The  geological  formations  from,  and  including,  the 
Second  Magnesian  down  probably  belong  to  the  Oambrian  sys- 
tem, while  the  First  Magnesian  limestone  and  the  First  Sand- 
stone probably  belong  to  the  Calciferous  stage  of  the  Lower 
Silurian,  or  Ordovician  system.  An  erosion  interval,  and  the 
few  fossils  that  have  been  obtained  in  this  part  of  the  state 
would  point  toward  this  conclusion,  although  these  formations 
have  generally,  throughout  the  text,  been  referred  to  as  Silurian. 

*  These  are  tine  examples  of  dllTerential  weathering 
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These  bede,  when  elevated,  represent,  on  the  geological  map, 
that  large  area  oooapying  the  center  and  soathern  part  of  the 
state  which  has  been  named  the  "Ozark  Island." 

The  Devonian  beds,  represented  by  the  thin  strata  of  lime- 
stones, sandstones  and  shales,  outcrop  along  the  old  coast  line 
of  the  Ozark  island,  and  steadily  increase  in  thickness  toward 
the  Bonth.  They  indicate  a  period  of  considerable  oscillation 
of  the  crnst,  and  their  frequent  absence,  their  irregularity 
of  deposition  when  present,  and  their  great  variation  in  thick- 
ness, together  with  their  rounded,  water-worn  fossils  and  peb- 
bles, and  their  impure  composition  indtcate  that  they  must 
have  been  laid  down  as  ofif-shore  deposits. 

The  Kinderhook  beds  somewhat  resemble  the  Devonian, 
though  they  were,  undoubtedly,  deposited  in  quieter  and  i)rob- 
ably  brackish  water,  as  the  western  ocean  formed  a  deep  em- 
bayment  in  the  Ozark  island  over  the  portion  of  the  State 
that  now  comprises  Greene,  Webster  and  Ohristian  counties. 
The  impurity  of  their  composition  and  the  small  size  of  the 
species  of  their  brachipods  and  other  fossils  would  indicate 
that  the  waters  were  still  turbid  and  restless.  They  were 
formed,  without  doubt,  largely  from  eroded  material  from  the 
Silurian  formation.  The  magnesia  contained  in  their  composi- 
tion would  aid  in  confirming  this  view,  and  it  also  sharply  dis- 
tinguishes this  group  from  the  Upper  and  Lower  Burlington 
above.  The  slight  erosion  interval  between  the  Kinderhook 
group  and  the  Lower  Burlington,  and  the  conformity  of  the 
former  upon  the  Devonion,  would  help  to  sustain  the  view  of  the 
Denovian  nature  of  this  ( Kinderhook)  group.  In  the  chapter  on 
the  Lower  Burlington  formation  it  has  been  shown,  by  the  grad- 
ual increase  in  the  percentage  of  chert  from  the  Springfield  anti- 
cline toward  the  southwest,  that  a  broad  open  sea  extended  in 
that  direction  during' the  deposition  of  those  beds.  From  the 
uniform  deposit  of  chert  in  the  upper  part  of  the  Lower  Bur- 
lington, as  well  as  the  break  in  life  that  has  been  referred  to 
in  the  chapter  on  the  last-named  formation,  and  the  decided 
lithological  differences  between  the  two,  one  would  consider 
these  limestones  as  belonging  to  two  distinct  formations. 
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The  Upper  BarlingtoD,  from  the  parity  of  itBcompoaitionaDd 
the  namber  and  size  of  its  fossils,  iDdieates  a  state  of  pare 
and  quite  waters  daring  its  deposition.  After  the  elevation 
which  broaght  the  Upper  Borlington  epoch  to  a  close,  there 
was,  evidently,  a  period  of  great  denadatioo.  There  are 
strong  reasons  for  believing  that  tbe  mass  of  residaal  chert 
and  debris  scattered  over  a  wide  extent  of  the  territory  are 
the  remains  of  denuded  apper  beds  of  this,  and  possibly  other 
horizons  snooeeding  the  coal  measures.  The  excessive  rain- 
fall necessarily  connected  with  the  ancient  river  beds,  and  the 
deep  channels  which  those  streams  eroded  and  sabseqaently 
partially  filled  with  coDglomerate  and  sandstones,  as  illustrated 
at  and  north  of  Oraydon  Springs,  are  additional  proofs  for  the 
confirmation  of  this  view.  A  few  small  patches  of  coal  meas- 
ure deposits  represent  the  oatliers  of  the  great  coal  beds  on 
the  west.  The  heavy  residual  accumulations  of  Republic  chert 
overlying  the  highest  points  would  indicate  a  partial  incursion 
of  the  sea  during  the  latter  part  of  the  Oarboniferous,  as  they 
seem  to  overlie  the  coal  measure  pockets.  Following  this^ 
the  great  uplifc  that  brought  the  Odirboniferoas  age  to  a  close 
produced  the  folding  and  flexuriag  which  have  been  described 
as  the  Ozark  Uplift*  Since  this  time,  this  area  has  been  above 
the  ocean,  as  is  indicated  by  the  lack  of  deposits  in  the  Upper 
Burlington  caves,  unless  the  few  deposits  of  the  cementing 
gravel,  notably  that  deposit  found  just  west  of  Oates  station  on 
the  Chadwick  branch  of  the  St.  Louis  and  San  Francisco  rail- 
road represent  a  local  Tertiary  deposit,  in  which  case  it  is  possi-, 
ble  that  there  was  a  submergence  of  a  portion  of  the  old  '^Ozark 
(Silurian)  Island."  Near  Osceola,  however,  outside  of  tbe 
area,  a  secondary  deposit  of  sandstone  is  found  in  some  of  the 
caves,  which  would  seem  to  indicate  a  slight  incursion  of  the 
sea  from  tbe  north  or  west  since  Upper  Burlington  times» 
From  the  very  small  isolated  deposits  of  Upper  Burlington 
limestone,  resting  in  slight  depressions  upon  the  Second  Mag- 
nesian  jnst  outside  of  tbe  area,  one  in  Tp.  32,  B.  XIX,  Sec.  12, 

*  It  Is  Important  to  Dote  that  the  trend  of  the  Uplift  shows  some  parallelism 
with  the  Oaachlta  Uplift  of  Arkansas. 
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Se.  corner,  on  the  east  aide  of  the  l^ianf^aa  river,  and  another 
on  High  Prairie,  Tp.  32,  E.  XX,  Sec.  1,  Sw.  i,  and  Sec.  12  N. 
^,  it  is  supposed  that  this  portion  of  the  Oz^rk  island  was 
above  water  up  to  Upper  Burlington  times.  The  small  patches 
of  Upper  Burlington,  Ohonteau  and  Hannibal  in  Tp.  32,  B.  XX, 
Sec.  20,  N.  ^,  and  Sec.  17,  S.  i,  to  the  west  of  the  two  patches 
noted  above,  and  resting  upon  First  Sandstone,  indicate  the 
slope  of  this  island  to  the  west. 

FAULTS. 

A  large  number  of  faults  have  been  noted  in  this  area,  but 
only  a  few  the  more  important  ones  can  be  described  in  the 
limits  allowed  for  this  report. 

First,  at  the  Pierson  creek  mines,  occurs  a  series  of  inter- 
esting dislocations.  Near  the  center  of  Tp.  29,  B.  XX [,  Sec.  35, 
W.  i  of  Ne.  },  just  before  the  old  road  appro itctiing  Picrson 
creek  crosses  the  stream  to  the  point  where  the  mines  are 
located,  the  Ohouteau,  which  outcrops  along  the  bank  ten  feet 
above  the  stream,  suddenly  disappears,  and  Lower  Burlington 
ledges  are  found  in  the  same  horizan.  The  slip  here  cannot  be 
fully  determined,  because  of  the  slope  of  chert  which  conceals 
the  beds.  The  strike  is  probably  more  or  less  parallel  with  the 
course  of  an  axial  anticline,  northwest  and  southeast,  and  the 
throw  is  estimated  to  be  about  fifteen  feet.  A  short  distance 
to  the  south,  near  an  old  lime  kiln,  is  another  obscure  fault  of 
about  the  same  throw  and  strike.  Two  or  three  hundred  feet 
to  the  south  of  this  point,  at  the  old  shaft  on  the  east  side  of 
the  river,  under  the  bluff,  is  an  extremely  interesting  fault  con- 
nected with  the  main  fissure  at  Pierson  creek.  This  fissure 
and  fault,  a  few  years  ago,  were  beautifully  exposed  for  study 
along  the  greater  part  of  the  face  of  the  bluff,  but  it  has  since 
been  filled  in  by  the  debris  from  other  shafts.  At  that  time  the 
following  notes  were  obtained  :  A  vein  fissure,  8  ft.  in  width, 
extending  in  a  coarse  N.  35°  W.,  occurs  here,  having  a  dip  of 
about  60°  to  the  Ne.  A  fault  is  also  finely  exhibited,  having  a 
strike  and  dip  corresponding  to  the  fissure  course,  and  a  throw 
of  twenty  feet.  The  hanging  wall  is  higher  than  the  foot  wall ; 
the  reverse  of  what  is  usually  the  case. 
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Near  McOraoken's  mil),  on  the  north  slope  of  the  Spria^jf- 
field  antiolme,  aboat  1,000  ft.  soathvrest  of  the  oolored  school- 
hoQse,  Tp.  29,  B.  XXI,  Seo.  5,  E.  }  of  lot  4  Ne.  ij  a  small 
qttarry  was  opened  a  few  years  ago,  exposing  Lonisiana  liaie- 
stone,  at  the  same  level  as  the  lower  beds  of  the  Upper  Bar- 
trngton  limestone,  lying  to  the  soath.  A  shaft  has  recently 
t>eeci  sank  at  this  place,  and  when  visited,  thongh  fall  of  water, 
iSie  material  in  the  damp  showed  that  First  Sandstone  had  been 
reached  at  a  depth  of  16  feet,  after  passing  throagh  Phelps 
eandatone  and  Sac  limestone.  Exact  data  conld  not  be  ob- 
tained. The  line  of  distarbance  coald  be  traced  aboat  a  qaarter 
of  a  mile  to  the  west  side  of  the  Sander  spring  branch,  which 
now  empties  into  the  Water  Valley  mill  pond,  where  tnmbled 
'ledges  of  Upper  Barlington  on  the  soath  abat  against  a  slightly 
cietamorphosed  rock  which  considerably  resembles  Lonisiana, 
although  it  may  be  modified  Sac  limestone.  The  continaation 
of  this  fanlting  is  foand  in  the  Bamsey  clay  bank,  in  Tp.  29,  B. 
XXI,  Sec.  5,  W.  J  of  lot  4,  Nw.  i.  Farther  to  the  west  evi- 
dence of  fanlting  ib  traced  along  the  Soath  Dry  Sac  to  Bitter's 
mill,  Tp.  29,  B.  XXII,  Sec.  4,  middle  of  east  line.  Here  the 
Ohoateaa  is  in  jaxtaposition  with  the  lower  part  of  the  Upper 
Barlington.  Another  good  point  for  the  stndy  of  this  distarb- 
ance may  be  seen  in  the  excavations  made  in  the  extension  of 
Xorth  Grand  street  in  the  city  of  Springfield,  where  the  road 
crosses  the  branch  jast  north  of  the  north  line  of  the  Beiliy 
and  Heffernan  ( Zoo  )  Park.  Considerable  distarbance  is  noted 
in  the  pecaliar  outcrop  near  the  sonth  line  of  Tp.  30,  B.  XXI, 
^ec.  19,  on  the  Witherspoon  land.  The  latter  point  needs  more 
carefnl  stady.  An  ontcropping  here,  closely  resembling  First 
Magnesian  limestone  in  both  weathering  and  lithological  char- 
acters, is  foand  associated  with  the  Upper  Barlington  lime- 
stone and  Oraydon  sandstone.  No  decided  evidence  of  a  fanlt 
€oald  be  foand,  and  this  ontcropping  may,  after  all,  be  only  a 
pecaliar  local  modification  of  the  Upper  Barlington. 

By  far  the  finest  exhibition  of  fanlting  in  the  whole  area, 
and,  as  far  as  known,  in  sonthwest  Missoari,  occars  along  the 
northern    slope    of  the    Oraydon-Northview  anticline.    This 
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Blope,  as  before  stated,  varies  greatly.  Within  short  distances- 
from  each  other  are  foand  greatly  tiUed  slopes  of  the  different 
formations,  sacceeded  in  a  few  miles  by  abrupt  slopes  brokei^ 
into  a  series  of  block  faalts,  with  a  throw  of  from  two  np  to- 
over  two  hondred  feet,  the  line  of  fraotore,  in  most  cases  oc- 
curring in  the  Hannibal  sandstone  and  shales  and  the  First 
Sandstone,  these  seeming:  to  be  the  points  of  greatest  weak- 
ness. The  heaviest  fanlting  seems  to  occur  between  Presley 
hill  on  the  Bolivar  road  and  the  Gave  Spring-Morrisville  road^ 
in  Tp.  31,  B.  XXIII,  Sec.  9,  E.  i.  The  Bolivar  branch  of  the 
St.  Louis  and  San  Francisco  railroad,  from  Bnckley  to  the  Sac 
river,  a  distance  of  about  five  miles,  passes  over  a  very  steep- 
slope  of  this  anticline,  and  although  a  part  of  it  is  outside  of 
the  area  under  discussion,  the  section  is  such  a  good  one  that 
it  is  here  given.  Buckley,  situated  on  Upper  Burlington  lime- 
stone, has  an  altitude  of  about  1,200  feet,  while  the  Sac  lies* 
at  an  altitude  of  885  feet. 

On  the  Oave-Spring  Morrisville  road  several  heavy  faults 
occur  in  Tp.  31,  B.  XXIII,  Sec.  9,  E.  }.  Here  the  First  Sand- 
stone abuts  against  the  Hannibal  sandstone.  This  fault  extends^ 
for  several  miles  through  this  region  to  the  southeast.  Pass- 
ing down  Bird  Eye  hollow,  on  the  Springfield  and  Morrisville- 
road,  in  the  northwestern  part  of  Tp.  31,  R.  XXII,  the  follow- 
ing section  is  obtained :  Leaving  the  Upper  Burlington  lime- 
stone on  the  high  crest  of  the  anticline  in  Tp.  31,  B.  XXII, 
Sec.  28,  Sw.  i,  at  an  altitude  of  1,260  feet,  a  gentle  slope  of  2£k 
feet  of  Upper  Burlington  is  passed  over,  down  to  an.  altitude  of 
1,235  feet  and  then  comes  a  short  slope  of  10  feet  of  Ohouteau, 
down  to  1,225  feet,  where  begins  a  long  Hannibal  slope  of  45- 
feet,  to  the  altitude  1,180  feet  at  the  top  of  the  Lonisana  lime- 
stone, and  a  long  slope  of  this  formation  for  three-quarters  of 
a  mile,  with  a  fall  of  65  feet  to  a  small  outcrop  of  First  Sand- 
stone, at  the  altitude  of  1,115  feet.  The  sandstone  is  sue- 
ceeded  for  a  short  distance,  in  the  bed  of  the  creek,  by  Second 
Magnesian,  and  this  is  followed  by  a  long  slope  of  nearly  a 
mile  of  First  Sandstone  to  an  altitude  of  1,030  feet,  whence  a 
Second  Magnesian  slope  extending  down  to  a  point  where  it 
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seeniB  to  abat  against  a  Lower  Barlington  slope  at  an  altitude 
of  1,040  feet,  in  aboat  the  middle  of  Tp.  31,  B.  XXII,  Seo.  18. 
Hannibal  is  foand  bedded  at  an  altitude  of  1,010  feet,  in  Tp. 
31,  B.  XXII,  Bee.  18,  N.  i,  jast  south  of  the  ford  on  Little  Sac, 
this  stream  flowing  over  Hannibal  at  an  altitude  of  980  feeU 

The  large  section  given  across  the  area  shows  the  remark- 
able series  of  block  faults  just  described  as  occurring  at  Pres- 
ley hill,  on  the  Bolivar  road,  two  and  one-half  miles  east  of 
Bird  Eye  hollow.  The  section  very  clearly  shows  the  fault- 
ing at  this  point.  In  passing  over  the  post-oak  flat  just  before 
reaching  Presley  hill,  at  an  altitude  of  1,277  feet  above  the 
level  of  the  sea,  the  first  fault  recognized  is  in  Tp.  31,  B.  XXII, 
Sec.  34,  near  the  north  line.  This  break  is  indicated  by  a  nar- 
row draw  to  the  east  of  the  road,  and  also  by  a  well  section  28 
feet  deep  on  the  Stokes  farm,  in  the  Ne.  of  the  Nw.  of  the 
Nw.  of  the  section  last  given.  Ohouteau  was  struck  at  the 
depth  of  26  feet,  showing  a  sudden  break  in  the  heavy  deposits 
of  Upper  Burlington  to  the  south.  The  next  fault  occurs  at 
an  altitude  of  1,200  feet,  in  Tp.  31,  B.  XX,  Sec.  22,  center  of 
8w.  i^  where  the  Louisana  abuts  against  the  First  Sandstone. 
A  few  feet  to  the  north,  at  an  altitude  of  1,180  feet,  the  First 
Sandstone  abuts  against  the  Second  Magnesian.  A  few  hun- 
dred feet  to  the  north  from  the  last  station,  at  an  altitude  of 
1,165  feet,  the  Second  Magnesian  again  abuts  against  the  First 
Sandstone.  Near  the  Middle  of  the  western  line  of  the  Nw. 
of  Tp.  31,  B.  XXII,  Sec.  22,  at  an  altitude  of  1,100  feet,  the 
First  Sandstone  abuts  against  the  Hannibal.  Ooing  over  a 
small  hill  of  Upper  Burlington  limestone,  at  the  same  level  as 
the  First  Sandstone  to  the  south,  i.  e.,  1,125  feet,  a  long  slope 
of  Hannibal  and  Sac  limestone  is  passed  over  to  First  Mag- 
nesian limestone,  through  which  last  formation  the  Sac  river 
flows,  at  an  altitude  of  1,007  feet. 

Many  other  faults  have  been  noted  along  this  interesting 
anticline,  especially  in  Tp.  32,  B.  XXIII,  Sec.  17.  Se.  of  center, 
in  the  road  that  crosses  the  Bolivar  branch  of  the  St.  Louis 
and  San  Francisco  railroad,  a  short  distance  along  the  side- 
hill  north  of  the  water  tank,  where  two  small  faults  are  noted  ; 
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where  the  Springaeld-PieaBant  Hope  aDd  SprlDgfield-Baffallo 
roads  orosB  the  anticline ;  and  also  on  the  Bannister  farm  in 
Tp.  30,  B.  XX,  Sec.  30.  Be.  i  of  Nw.  i,  where  a  heavy-bedded 
and  tilted  Lower  Burlington  ridge  lies  on  the  north  side  of  the 
valley.  On  the  soath  side,  near  the  Bannister  hoase,  a  shaft 
has  been  snnk  in  Ohoateaa  and  Hannibal  at  the  same  level  as 

4 

the  upper  beds  of  the  Lower  Barlington  in  the  blnfif  on  the 
side.  Farther  sonth  from  the  shaft  at  Bannister's,  and  on  the 
ridge,  60  to  80  feet  higher,  is  a  broad  belt  of  the  Hannibal. 

On  the  Hill  farm,  Tp.  29,  E.  XIX,  Hec.  6,  W.  i  ot  lot  7, 
Ne.  i,  on  the  north  side  of  Baoksnort  hollow,  is  a  very  remark- 
able series  of  block  faalts,  on  what  is  probably  the  sonthern 
slope  of  the  Springfield  anticline,  and  not  far  from  where  the 
Graydon-^orthview  anticline  merges  with  it.  The  strike  of 
the  faalts  in  this  locality  is  about  1^.  40  degrees  W.  The  Hill 
spring,  in  the  valley  at  the  south,  is  a  Ohouteau  spring.  On 
the  north  side  of  this  valley,  near  the  bottom,  are  beds  of  what 
is,  probably,  Second,  or,  possibly.  First  Magnesian.  Twenty 
feet  up  the  side  of  the  valley  outcroppings  of  First  Sandstone 
are  found,  representing  a  thickness  of  about  five  feet.  Above 
this,  outcroppings  of  either  First  or  Second  Magnesian  are 
found.  Passing  over  ten  feet  of  these  beds,  First  Sandstone 
is  again  found  bedded.  Fifteen  feet  above  the  outcropping  of 
the  First  Sandstone,  Upper  Burlington  limestone  is  found 
bedded,  with  Ohouteau  in  horizontal  juxtaposition  on  the  east. 
In  ascending  a  gentle  slope  to  a  point  thirty  feet  above  the 
last  station,  tumbled  blocks  of  Hannibal  sandstone  are  passed 
over,  and  20  feet  beyond  this  is  the  summit  of  the  ridge,  which 
is  covered  with  Lower  Burlington  chert.  Following  the  south- 
ern descent  of  this  ridge,  more  than  85  feet  of  tumbled  chert 
is  passed  over,  with  no  outcroppings  visible  until  bedded  Han- 
nibal is  reached,  which,  as  has  been  stated,  lies  85  feet  from 
the  summit. 

Another  interesting  disturbance  with  faulting  is  found  on 
the  farm  of  John  Caldwell,  in  the  east  part  of  Taylor  township, 
Oreene  county,  Tp.  29,  E.  XX,  Sec.  24,  N.  i.  The  farm-house 
stands  on  a  gray,  thin,  coarsely  crystalline,  crinoidal  Upper 
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BarliDgtOQ  limestone.  Soath  of  the  hoase,  a  block  of  Han- 
nibal limestone  seven  or  eight  handred  feet  wide  is  npthrown. 
The  coarse  of  this  faalt  is  Nw.  and  Se.  The  Hannibal  and 
Louisiana  limestones  are  very  thick  at  this  point,  and  no 
Ohontean  appears,  while  the  Magnesian  limestone  ( probably 
the  Second)  outcrops  at  a  spring  south  of  the  house.  This 
disturbance,  which  consists  of  several  parallel  faults,  is  best 
studied  in  the  outcrops  on  the  section  above  mentioned. 

It  has  been  impossible  to  present  more  than  a  meager  out- 
line of  the  most  prominent  physical  features  of  this  interesting 
region ;  but  it  is  hoped  that  the  facts  here  given  may  be  of 
some  use  to  the  future  student.  Certain  it  is  that  the  thorough 
study  of  this  system  of  flexuring  will  throw  great  light  on  the 
history  of  the  Ozark  uplift. 

ECONOMIC  GEOLOGY- 
LBA.D  AND  Z(NO  DBPOSITS. 

Although  but  little  developed  as  yet,  recent  prospecting 
and  examination  indicate  a  much  wider  distribution  of  the  lead 
and  zinc  ores  than  is  generally  supposed.  This  is  especially  so 
over  the  southern  half  of  the  area.  In  the  sections  adjoining 
the  south,  and  on  the  east,  there  are  numerous  mines  which 
have  been,  in  the  past,  very  productive.  Such  are  the  Alma, 
Turkey  creek,  Ball  creek,  Lang,  Hornbeak,  Purdom,  Bray, 
Seneca  and  others  in  Christian  county ;  while  the  old  Hazel- 
wood,  the  Seligman  and  numerous  other  mines  ten  or  twelve 
miles  to  the  east,  in  Webster  county,  were  very  productive  in 
the  early  days  when  lead  alone  was  sought.  To  the  west,  is 
the  Ash  Orove  group,  and  the  Pickerel  creek  mines,  while  the 
Aurora  camp  lies  less  than  a  dozen  miles  from  the  southwestern 

Note  —The  dlitances  given  In  the  above  slopes  refer  to  altitude  and  not 
horizontal  measareznents.  It  Is  Impossible  to  accurately  indicate  these  faults  on 
the  map,  for  the  following  reasons:  First,  they  are  rarely  exposed,  except  by 
erosion  in  the  gullies  and  roads;  second,  the  summit  of  the  Graydon-Northview 
anticline  Is  a  vast  post-oak  flat  composed  of  residual  clay  and  chert,  which  com- 
pletely hides  everything  beneath,  and  as  this  ridge  is  a  v^ry  sparsely  settled 
region,  few  well-sections  or  foundations  expose  the  rock  beneath.  Locations 
are  accurately  described  in  the  text,  so  that  they  may  be  easily  found  by  anyone 
wishing  to  make  further  investigations. 
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corner  of  the  area.  With  a  few  exoeptiooB,  all  of  the  pro- 
dactive  mines  within  the  limits  of  the  area  lie  on  the  southern 
slope  of  the  Springfield  anticline,  and  soath  of  the  main  line 
of  the  St.  Loais  and  San  Francisco  railroad. 

As  in  other  parts  of  the  southwestern  portion  of  the  state, 
the  ores  of  lead  and  zinc  are  almost  invariably  found  intimately 
associated.    The  ores  of  lead  are  represented  by : 

Galena,  or  lead  sulphide  ("  blue  mineraV  ''  lead  " ). 

Oerussite,  or  lead  carbonate  ( ^'  dry  bone,"  '^  carbonate  " ). 

Pyromorphite,  or  lead  phosphate  ('' green  lead" ). 

Anglesite,  or  lead  sulphate. 

The  ores  of  zinc  are  : 

Sphalerite,  or  zinc  sulphide  ("jack,"  "rosin,"  "black 
jack,"  and  blende  " ). 

Smithsonite,  or  zinc  carbonate  (zinc,  "  dry  bone,"  "  car- 
bonate "  )• 

Calamine,  or  zinc  silicate  ( "  silicate  " ). 

Hydrozincite,  or  hydrous  silicate. 

Of  the  above,  only  galena,  cerussite,  sphalerite,  calamine 
and  smithonsite  are  found  abundantly  enough  to  be  classed  as 
workable  ores.  The  remainder  are  usually  of  rather  rare 
occurrence. 

The  associated  mineral  and  gangue  in  the  crevices  and  ore- 
bodies  are  as  follows : 

Oalcite,  or  lime  carbonate  ( "  tiff" ). 

Dolomite,  or  magnesian  lime  carbonate  ( "  tiff,"  "  spar  " ). 

Marcasite,  or  iron  bisulphide  ( "  white  iron  pyrites," 
'•  pyrites,"  "  mundic  " ). 

Ohert,  impure  flint. 

Jasperite,a  secondary  deposit  of  silicious  material,  cement- 
ing the  ores  and  gangue. 

Oreenockite,  or  cadmium  sulphide. 

Tallow  clay. 

Copper  pyrite. 

Limonite,  hydrated  sequioxide  of  iron,  yellow  orchre. 

G— 11 
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Ores  are  fonnd  in  all  the  geological  formationB,  from  the 
Second  Magnesian  limestone  through  to  the  Upper  Barlington, 
bat  they  are  not  eqaally  distributed.  Only  four  productive 
horizons  for  lead  and  zinc  are  recognized,  and  these  are  :  the 
Upper  Burlington  limestone,  the  Hannibal  shales,  the  First 
Magnesian  and  the  Second  Magnesian  limestones.  The  rela- 
tive productiveness  of  these  is  about  in  the  order  named.  All 
of  the  other  horizons  are,  virtually,  barren,  and  no  profitable 
mines  in  any  horizon  in  the  southwest,  outside  of  those  men- 
tioned above,  are  known  except  in  the  lower  Magnesian  lime- 
stone.   The  ores  are  found  in  three  principal  ways: 

First,  as  ^' float"  mineral.  In  this  condition,  rounded, 
water-worn  weathered  chunks  and  particles  of  ore,  epecially 
galena,  dry  bone,  blende  and  silicate,  are  found  mixed  with 
soi]«  clay,  broken  masses  of  chert  and  limestone,  scattered 
somewhat  irregularly  in  pockets  within  a  few  feet  of  the  sur- 
face. This  would  be  more  properly  called  '^  drop  mineral,"  as 
Owen  suggested  years  ago.  Its  origin  is  evident,  it  having 
been  derived  from  a  broken-down  crevice  in  superincumbent 
beds,  or  segregated  some  distance  from  the  original  deposit  by 
the  action  of  running  water. 

Second,  segregated  ore.  In  the  upper  portion  of  crevices 
where  the  beginning  of  a  true  ore  body  is  found,  the  ores  and 
gangue  are  more  or  less  disturbed  from  their  original  position, 
and  are  mixed  with  residual  clays  (the  "  tallow  clay,"  or  selv- 
age of  the  miner),  the  wall-rock  having  been  broken  down  and 
partially  washed  away,  while  the  contents  of  lateral  crevices 
were  washed  in  by  subterranean  drainage,  and  the  heavier  ore 
segregated  with  the  main  ore  body. 

Third,  the  crevice,  or  ore-body  proper.  In  this  the  wall- 
rocks  are  generally  well  defined,  particularly  in  the  Magnesian 
limestone,  though  frequently  broken  into  irregular,  more  or 
less  horizontal  ''flat  openings,"  where  the  ore  and  gangue  have 
penetrated  for  some  distance.  Here  the  ore-body,  which  in- 
cludes the  ores  and  gangue,  is  rather  massive  and  solid,  filling 
up  more  or  less  completely  the  shattered  crevice.  These  crev< 
ices  are  usually  nearly  vertical,  penetrating  to  unknown  depths. 
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:and  vary  id  width  and  thiokneBS  between  the  different  forma- 
tions, and  even  in  the  same  formation. 

It  will  be  noticed,  from  the  stady  of  the  distribntion  of 
the  lead  and'zino  mines  within  this  territory,  that  they  bear 
each  a  relation  to  the  flexnres  and  foldings  as  indicates  an  in- 
timate connection  with  them,  viz.,  that  the  fissaring  and  tilling 
of  the  crevices  were  broaght  about  by  the  shattering  of  the 
horizons  in  the  formation  of  the  folds  produced  by  an  aplift. 
It  will  be  observed,  first,  that  all  the  mining  camps  lie  on  the 
flanks  of  the  Springfield  anticline  of  the  Ozark  nplift,  rarely,  if 
ever,  within  four  or  five  miles  of  the  crest,  and  that  within  the 
area  which  this  report  describes,  they  are  confined  to  the 
southern  slopes.  No  productive  mine  is  found  directly  upon 
the  crest  of  the  uplift.  Second,  within  this  territory,  and 
along  some  adjoining'extra  limital  areas,  the  productive  mining 
•camps  are  invariably  found  on  the  western  slope  of  the  axial, 
or  lateral,  anticlines ;  never  on  the  eastern  slope,  and  rarely  in 
the  synclinal  valleys. 

A  careful  study  of  the  compass  course  of  the  ore-bearing 
crevice  in  each  mining  camp,  and  the  relation  of  the  different 
mining  camps  to  each  other,  brings  out  the  following  facts  : 

1st,  the  compass  course  of  the  ore-bearing  crevice  is,  in 
general,  parallel  to  the  axis  of  the  axial  folds,  or  anticlines. 

2nd,  the  mining  camps  seem  to  be  distributed  in  groups 
on  the  western  slopes  of  these  anticlines,  indicating  a  continu- 
ity of  the.  crevices  over  considerable  distances  along  the  wes- 
tern slopes  of  the  same  folds. 

A  careful  study  of  the  great  ore  bodies  in  the  Upper  Bur- 
lington limestone  of  southwest  Missouri,  and  the  extension  of 
many  of  these  into  the  Magnesian  limestone  ore  bodies  in  the 
southern  part  of  the  State  and  in  Arkansas  leads  to  the  con- 
clusion that  the  ore  and  gangue  which  fills  these  fissures  have 
come  from  below  in  solution  in  hot  alkaline  waters.  They 
could  not  have  come,  as  some  have  supposed,  in  a  fused  condi- 
tion, as  no  heat  is  known  sufficient  to  meltsomeof  the  gangue, 
as  calcite,  without  disassociating  the  various  constituents. 
Again,  if  the  contents   of  the  ore-body  had  been  deposited 
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in  a  state  of  fasion,  the  wall-rock  woald  have  been  more  or 
less  metamorphosed,  which  is  not  the  case.  Bqaally  strong 
arguments  may  also  be  brought  against  the  sablimation  view  a& 
a  means  of  accounting  for  the  sources  of  these  deposits,  and 
there  is  little  doubt  that  these  ores  and  their  gangue,  all  being 
easily  soluble  in  hot  alkaline  waters,  have  come  from  below  in 
a  state  of  solution.  lu  this  condition  they  have  been  carried 
upward  through  the  open  crevice,  where  they  have  soaked  and 
penetrated  horizontally  into  the  shattered  walls  and  for  some 
distance  into  the  rock  itself  (where  the  latter  is  sufficiently 
porous),  filling  cracks,  crevices  and  small  cave-like  openings,, 
and  being  therein  precipitated  by  various  agencies.  The  more 
open  and  porous  the  formation,  the  larger  and  richer  the  ore 
bodies,  while  conversely,  the  harder  and  more  compact  the 
formation,  the  poorer  and  smaller  the  mineral  deposit.  Thus 
the  great  breadth  of  the  ore-bodies  and  their  remarkable  rich- 
ness in  the  Upper  Burlington  limestone  is  accounted  for  by 
the  porous  nature  of  the  rock,  and  the  readiness  with  which 
water  decomposes  and  erodes  cavities  in  it.  The  various  heavy 
runs  of  mineral  in  this  formation  are  contained  in  the  shaly 
and  more  porous  layers.  In  striking  contrast  to  the  rich  de- 
posits of  the  Upper  Burlington  is  the  barrenness,  in  this  area,, 
of  the  Lower  Burlington,  which  immediately  underlies  it.  In 
the  latter  formation  are  found  all  of  the  most  unfavorable  con- 
ditions for  the  accumulation  of  an  ore-body.  The  hardnesa 
and  compactness,  both  of  the  limestone  and  the  chert,  have 
made  ft  impossible  for  the  ore-bearing  solutions  to  penetrate 
more  than  a  very  little  beyond  the  limiting  walls  of  the  original 
crevice. 

Below  the  Upper  Burlington,  the  Hannibal  shales  are  the 
first  beds  met  with  that  present  favorable  conditions  for  the 
accumulation  of  ore.  The  folding  of  the  rooks  has  caused  a 
shattering  of  the  shales  into  which  the  solutions  have  pene- 
trated, forming  a  broad,  rich,  though  rather  thin,  ore-body, 
which  is  recognized  as  the  second  ore  horizon  of  the  area. 
Below  this,  in  the  First  Magnesian,  where  the  beds  are  suffi- 
ciently soft  and  porous,  is  the  third  ore  horizon.    It  is  a  note* 
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worthy  fact  that  the  sandstoDes  are,  withoat  exception,  almost 
wholly  destitute  of  ore.  They  contaiQ  only  the  narrow  crevice 
through  which  the  soperincnmbent  beds  have  been  supplied. 
In  the  Second  Magnesian  is  found  the  fourth  ore  horizon.  In 
this  the.'ore-body  rarely  exceeds  eight  feet  in  width,  thickening 
and  thinning  locally,  and  frequently  having  flat  openings  due  to 
shattering  and  subsequent  erosion,  where  richer  and  broader 
-deposits  are  found. 

It  has  been  said  that  the  crevices  are  usually  nearly  vertical 
and  continuous  over  considerable  areas.  They  form  parallel 
groups,  but  the  parallelism  must  not  be  understood  to  be  per- 
fect. The  planes  are  not  always  straight,  either  horizontally 
or  vertically.  The  cracks  in  plaster  caused  by  the  sagging  of 
a  ceiling  of  a  room  well  illustrate,  though  in  an  exaggerated 
manner,  the  actual  condition  of  the  crevice.  The  breaks  in 
the  ceiling  forming  a  more  or  less  waving  line,  retain,  to  a  de- 
gree, their  parallelism  to  the  sag,  running  for  some  distance 
>and  then  disappearing,  to  be  followed  by  other  cracks,  starting 
a  little  to  the  side,  but  still  in  the  same  general  direction  as  the 
first.  On  this  same  plan  the  groups  of  mining  camps,  with 
more  or  less  unproductive  territory  between,  can  be  accounted 
for.  Erosion  may  also  contribute  to  the  unproductive  region 
by  exposing  some  of  the  barren  horizons.  This  view  also  as- 
sists in  explaining  why  some  of  the  crevices  seem  to  ^'  pinch 
out"  in  sinking  a  shaft,  or  In  drifting  on  a  fissure.  "  Pinching 
out"  is  a  term  which  miners  apply  to  such  a  sudden  closing  in, 
both  vertically  and  horizontally,  of  the  walls  of  a  rich  ore-body, 
until  the  mineral  almost  entirely  disappears.  This  phenomenon 
may  be  explained  as  follows:  Faulting  is  not  an  unusual 
^aocompaniment  of  these  crevices.  If  one  will  picture  to  him- 
self their  undulating  walls,  and  suppose  a  slip  of  one  wall  to 
occur  in  such  a  manner  as  to  bring  the  two  concave  surfaces 
together,  there  would  be  found  a  series  of  elliptical  openings, 
rich  in  ore,  tapering  at  each  end  to  narrow  passages  which 
lead  to  successive  and  similar  openings.  This  phenomenon 
may  take  place  either  in  vertical  or  horizontal  planes,  accord- 
ing as  the  slip  may  be  vertical  or  horizontal. 
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The  order  of  the  depositioQ  of  the  ores  and  g^ogne  near 
the  sarface  is  nsaally  different  from  that  deep  down  in  the 
crevices.  Near  the  sarface  are  what  may  be  called  secondary 
ores  or  carbonates,  "  dry-bone,"  phosphates,  and  salphates, 
though  the  last  two  are  quite  rare,  and  only  of  local  occnrrence* 
Deeper  down  the  carbonates  and  salphates  are  rarely,  if  ever,, 
fpand.  They  are  derived  by  chemical  reaction  from  the  primary 
ores,  the  metallic  sulphides  of  lead  and  zinc.  It  is  interestiag 
to  note  that  where  a  heavy  outcrop  of  '^  dry-bone  "  is  found  in 
a  broken  down  crevice  near  the  surface,  the  probabilities  are 
strong  for  a  rich  deposit  of  the  sulphides  below.  The  order 
of  deposition  of  the  ore,  while  not  absolutely  uniform,  and 
varying  considerably  in  different  camps,  is,  generally,  as  fol- 
lows: first,  galena  fills  all  the  lower  cracks  and  openings  that 
were  caused  by  fracture,  or  left  by  the  solution  of  the  lime  ;. 
next,  the  zinc  blende  in  a  similar  manner  fills  all  other  cracks 
and  openings  formed  by  sabseqaent  erosion,  or  formed  by  a 
second  slight  displacement  and  opening  of  the  fissure,  and 
consequent  shattering  of  the  rocks.  Ooating  the  galena,  in 
turn,  are  sometimes  crystals  of  marcasite,  or  white  iron  pyrites. 
Then  follows  caicite,  and  after  it  dolomite,  filling  cavities,  and 
still  more  recent  openings  wherever  there  is  room  for  it. 
While  this  is  the  most  usual  order  of  deposition,  there  are 
many  variations  from  it.  It  is  quite  probable  that  the  zinc 
silicate  was  deposited  in  some  cases  after  the  zinc  blende. 
Frequently  there  is  a  second  deposit  of  zinc  or  gaUna,  more 
frequently  the  latter.  Many  interesting  specimens  may  be  ob- 
tained from  the  mines,  showing  this  sequence  of  deposition. 
Masses  of  blende  may  occasionally  be  found  attached  to  the 
wall-rock  coated  with  crystals  of  galena,  upon  which  are  found 
minute  crystals  of  marcasite,  and  upon  this  last  crystals  of 
caicite  and  dolomite.  The  marcasite  more  usually  forms  drusy 
coatings,  which  gives  a  very  sparkling  appearance  to  the  ores. 

During  the  intervals  between  the  opening  of  the  crevice 
and  the  successive  deposits  of  ore,  the  crevice  serves  as  ar 
natural  water  way  for  surface  and  percolating  waters.  The 
action  of  such  waters  dissolves  out  and  carries  away  the  lime^ 


SUGGBSIIONS  TO  PBOSPEGTOBS.  167 

of  the  neigbboriDg  wall-rocks  of  the  crevice,  segregating  the 
broken  flint  and  heavier  mineral  in  the  channel.  This  broken 
material  may  be,  in  tarn,  cemented  by  sabseqaent  depositions 
of  ore,  thns  forming  the  brecciated  masses  so  common  in  the 
upper  portions  of  the  ore  bodies.  Occasionally,  and  fortunately 
rarely,  a  secondary  deposit  of  silica  held  in  solution  cements 
the  ore  to  the  gangne  in  snch  a  manner  that  a  thorough  separa- 
tion by  gravity  (jigging)  is  next  to  impossible.  Barely  there 
is  found  a  crevice  filled  wholly  with  gangue,  without  a  particle 
of  ore,  and,  of  course,  utterly  valueless.  An  isolated  case 
occurs  not  far  from  Republic,  where  a  shaft  has  been  sunk  to 
a  depth  of  over  60  feet  in  a  brecciated  body  which  contains 
no  ore. 

It  is  now  proper  to  consider  what  light  the  observations 
thus  far  made  will  throw  upon  prospecting  for  mineral,  and  the 
development  of  mineral  land  within  the  area.  ISome  points 
will  be  considered  which,  in  the  beginning  of  this  chapter,  were 
referred  to  a  later  period  in  the  discussion,  and  while  what  is 
here  written  applies  particularly  to  the  area  covered  by  this 
report,  the  suggestions  given  are  equally  applicable  to  the 
adjoining  territory. 

Let  it  be  supposed  that  a  man  wishes  to  know  what  are 
the  probabilities  of  finding  mineral  on  his  farm.  The  first  point 
to  be  ascertained  will  be  the  geological  horizon  in  which  the 
land  is  situated.  If  it  be  in  the  Lower  Burlington,  or  any  of 
the  other  formations  classed  as  barren,  it  may  be  said  with 
great  certainty  that,  while  ore  may  be  found,  it  will  not  be  in 
paying  quantities,  and  it  will  be  necessary  for  the  prospector 
to  calculate  the  depth  to  which  he  will  have  to  go  before  strik- 
ing one  of  the  recognized  ore  horizons.  If  this  land  is  situated 
in  the  Upper  Burlington  limestone,  he  may  know  that  he  is  in 
the  right  formation  for  ore,  and  his  next  question  will  be  as  to 
the  situation  as  regards  the  system  of  flexures  of  that  region. 
If  his  land  lies  along  the  crest  of  the  Springfield  anticline,  it 
can  only  be  said,  guardedly,  that  the  probabilities  are  against 
finding  any  paying  deposit.  If  it  lies  on  one  of  the  eastern 
slopes  of  an  axial  anticline,  on   the  south  of  the  crest,  the 


168  GBOLOGY  OF  GRBBNB  OOUNTT. 

probabilities,  so  far  as  known,  are  still  against  bis  finding  an 
ore-body.  If  it  is  on  the  western  slope,  the  probabilities  of 
finding  ore  are  greater,  and  the  proximity  of  the  land  to  other 
mining  camps,  or  its  distance  away  from  them,  will  throw  some 
light  upon  the  prospector's  expectations.  Let  it  be  supposed 
that  he  is  in  the  immediate  vicinity  of  a  paying  deposit.  How 
shall  he  proceed,  as  cheaply  as  possible,  to  demonstrate  the 
presence  or  absence  of  ore-bodies.  He  will  discover  the 
course  of  the  crevices  in  the  adjoining  mines,  and  note  the 
sitaation  of  his  own  land  in  relation  to  such  a  mining  camp. 
If  it  lies  dne  north  of  the  developed  land,  the  compass 
course  of  whose  crevice  is  N.  20  deg.  W.,  he  should  sink  a 
prospect  shaft  on  an  extension  of  the  crevice  line  into  his  ter- 
ritory. It  is  an  almost  invariable  rule,  that  the  crevices  are 
continuous  through  the  bedded  rock  to  the  soil.  Oonsequently, 
in  sinking  a  prospect  hole,  all  that  is  necessary  to  do  is  to  3ink 
until  a  crevice-opening  or  solid  limestone  is  struck,  in  which 
latter  case  he  should  stop  at  once,  instead  of  drilling,  as  so 
many  prospectors  fruitlessly  do.  If  he  is  very  anxious  to 
thoroughly  test  his  land,  he  can  do  so  at  a  reasonable  expense, 
in  the  following  manner:  BememberiDg  that  the  crevice 
courses,  in  the  supposed  case,  run  1^.  20  deg.  W.,  and  that  the 
ore-bodies  of  the  Upper  Burlington  are  from  thirty  to  sixty 
feet  wide,  he  reduces  the  problem  one-half  by  the  knowledge 
that  he  must  sink  his  prospect  shafts  at  right  angles  to  this  line. 
Staking  off  his  territoiy  in  a  line  east  and  west,  prospects 
shafts  may  be  sunk  every  sixty  feet  until  solid  limestone  is 
struck.  Or,  if  the  soil  is  very  shallow,  a  trench  just  wide 
enough  for  a  man  to  dig  may  be  sunk  to  solid  limestone,  in  an 
east  and  west  course  across  his  tract,  in  search  of  the  crevice. 
Oare  should  be  taken,  either  in  the  shallow  shafts  or  in  the 
trench,  to  notice  whether  the  solid  limestone  that  is  struck  is 
tilted  and  broken  down,  or  not.  If  a  shaft  strikes  a  rook  that 
tilts  strongly  to  the  west,  and  is  evidently  undermined,  there  is 
strong  probability  that  the  tilting  is  due  to  the  sagging  of  the 
wall  toward  the  crevice,  and  he  should  immediately  drift  in  the 
direction  indicated  by  the  tilting,  where  he  is  likely  soon  to 
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Strike  the  ore*body.  Surface  indicatioDB  may  aid  him,  to  a 
degree,  before  he  begins  to  prospect.  This  especially  applies 
to  the  lower  ore  horizons.  Dr.  D.  D.  Owen  in  his  report  on 
Geological  Explorations  of  part  of  Iowa,  Wisconsin  and  Illinois, 
1844,  p.  40,  calls  attention  to  these  "  symptoms,"  as  he  calls  it, 
of  lead  ore,  and  it  is  interesting  to  notice,  in  this  old  report, 
that  he  considers  these  deposits  as  formed  in  fissures.  Feath- 
erstonhangh,  in  his  report  npon  '^  The  Elevated  Oonntry  be- 
tween the  Missouri  and  Bed  rivers,"  p.  50,  also  described  these 
deposits  as  occurring  in  true  fissures.  See,  also,  Dr.  Swallow's 
discussion  of  the  question  in  his  ''  Geological  Beport  of  the 
Southwest  Branch  of  the  Pacific  Bailroad,"  p.  88. 

Owen  says  that  whatever  indicates  the  vicinity  of  a  fissure 
may  be  considered  as  indicating  the  probable  neighborhood 
of  lead  ore.  As  these  crevices  form  natural  water-ways  for 
subterranean  drainage,  the  surface  is  usually  more  or  less  un- 
dermined, so  as  to  form  a  line  of  shallow  sinks,  narrow,  shallow 
ravines,  or  more  commonly  slight  depressions  or  '^  sags,''  these 
last  being  usually  so  slight  as  to  be  scarcely  noticeable.  On 
hillsides,  the  "  sag "  is  represented  by  a  bench.  Whenever 
such  a  condition  is  noticed  in  a  mining  region,  and  the  depres- 
sion has  the  general  compass  course  of  the  crevices  in  that 
vicinity,  it  is  an  excellent  indication  of  the  presence  of  mineral. 
Along  such  a  '^  sag  "  the  vegetation  is  usually  more  luxuriant 
and  the  trees  larger,  because  of  the  moist  and  looser  soil  below. 

The  outlets  of  springs  on  hillsides  are  frequently  the  means 
of  leading  one  to  the  crevice  which  forms  the  basis  of  the 
water  supply.  But  the  best  indication  of  all  is  the  finding  of 
small  particles  of  mineral  or  "  tiff"  in  the  soil. 

OBiaiN  OF  OHB  DBPOSITS. 

There  are  several  diverse  theories  in  regard  to  the  origin 
of  the  ores  of  lead  and  zinc,  which  somewhat  correspond  to 
the  areas  in  which  the  subject  has  been  successively  studied. 
The  earlier  geologists,  including  Schoolcraft,  Featherstonhaugh, 
Swallow,  Owen,  and  Percival  of  Wisconsin,  confined  their  at- 
tention to  the  deposits  of  the  Lower  Magnesian  series,  where 
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the  veiDB  were  narrow  and  deep,  and  the  walls  more  or  less 
well-defined.  They  were  almost  nnanjmoas  in  the  view  of  the 
vertioal  ascension  of  the  ore,  i.  e.,  Ihrongh  fissure  veins. 
Later  the  discovery  of  the  enormous  deposits  of  ore  in  the 
Upper  Burlington  in  southwest  Missouri,  in  a  rock  that  was 
so  soft  and  porous  that  the  subsequent  erosion  by  percolating 
waters  almost  completely  destroyed  the  limiting  walls  of  the 
original  fissure,  together  with  the  great  thickness  ( from  200  to 
400  feet)  of  the  limestone,  led  geologists  to  confine  their 
studies  almost  wholly  to  this  formation.  As  a  result,  somewhat 
different  conclusions  as  regards  origin  were  reached,  and  two 
other  theories  were  proposed — the  lateral  secretion,  or  segre- 
gation theory,  and  the  replacement  theory,  which  are,  in  reality, 
practically  one  as  regards  the  source  of  the  mineral.  Mr. 
Winslow,  in  his  Beport  on  Lead  and  Zinc  in  Missouri,  Vols.  6 
and  7,  states,  in  substance,  his  belief  that  the  ores  primarily 
associated  with  the  primitive  ArchsBan  rocks  were  distributed 
through  the  sedimentary  rocks  which  formed  as  off-shore  de- 
posits on  the  old  Arcbsean  shores,  and  that,  by  a  long  continued 
decay  of  these  sedimentary  rocks,  they  have  been  subse- 
quently segregated  into  the  water-ways,  crevices  and  shrinkage 
cracks  of  the  formations  through  which  they  were  dissemi- 
nated. He  caused  to  be  made  a  series  of  chemical  analyses  of 
limestone  rock9,  both  in  the  vicinity  of  and  distant  from  the 
ore-bodies  of  this  region,  and  upon  the  iDfiDitesimal  amounts  of 
lead  and  zinc  which  he  says  were  found,  he  bases  his  theory  of 
lateral  secretion,  or  segregation.  Such  infinitesimal  quantities 
of  these  minerals  were  found  in  his  analyses,  that  one  might 
almost,  with  equal  justice,  claim  that  they  were  the  results  of 
impurities  either  in  apparatus  or  reagents.  The  presence  of 
large  amounts  of  dolomite,  marcasite  and  baryte  in  the  gangne 
are  not  satisfactorily  accounted  for.  Furthermore,  the  occur- 
rence of  several  more  or  less  parallel  and  closely  approximate 
ore-bodies,  from  40  to  60,  and,  in  one  case,  100  feet  wide,  found 
in  Joplin  and  Webb  City,  would  preclude,  it  seems,  the  possi- 
bility of  any  such  view  of  lateral  secretion.  Lead  and  zinc 
ore,  in  closely  associated  veins,  have  been  traced  from  their 
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asBOciation  with  granite  almost  continnonsly  np  to  the  Upper 
BaTlington.  These  two  ores,  galena  and  sphalerite,  in  an  im- 
pure condition,  are  found  in  connection  with  granite  in  a  vein 
at  Decatarville,  in  Camden  county,  Missouri.  At  the  Lang 
mines,  in  Ohrstian  county,  in  a  high  blufiP  of  Upper  Barlington 
limestone,  a  broad  vein  of  lead  and  zinc,  a  hrecciated  ore-body, 
is  exposed  from  the  surface  near  the  summit  of  the  bluff,  down 
to  the  contact  of  the  Upper  Burlington  with  the  Lower  Bur- 
lingtota,  where  it  is  immediately  contracted  to  a  narrow  six-foot 
vein,  passing  through  about  60  feet  of  the  compact  and  hard 
rocks  of  the  latter  formation.  At  the  foot  of  this  horizon  it 
again  contracts  to  about  two  feet  in  width,  where  it  passes 
through  the  Chouteau  at  the  foot  of  the  bluff.  A  shaft  on  this 
vein  at  the  foot  of  the  bluff  passes  through  the  successively 
contracting  and  expanding  ore-body  as  it  descends  through  the 
Hannibal,  Louisiana,  Devonian,  First  Magnesian,  First  Sand- 
stone, and  into  the  Second  Magnesian  limestone.  Such  a 
crevice  can  hardly  be  regarded  as  a  gash  vein  or  a  shrinkage 
crack,  or  one  that  has  been  filled  by  decay  and  segregation 
from  adjacent  rocks.  In  studying  the  deposits  of  the  South- 
west, many  other  cases  could  be  mentioned  where  the  con- 
tinuity of  these  veins  may  be  seen  through  a  number  of  forma- 
tions, from  the  Upper  Burlington  through  to  the  Magnesian 
series.  The  continuity  of  these  veins  is  not  limited  in  length 
or  in  depth.  We  are  indebted  to  Dr.  W.  P.  Jenoey  for  the  first 
thorough  study  and  comparison  of  the  magnesian  deposits  of 
Arkansas  and  southern  Missouri  with  the  Upper  Burlington 
deposits,  and  for  the  first  suggestion,  since  Featherstonhangh 
and  Swallow,  of  the  deep  origin  of  these  deposits,  which  he 
ably  advocated  in  the  '^  Transactions  of  the  American  Institute 
of  Mining  Engineers,"  Vol.  XXII,  p.  171.  Posepney  also  advo- 
cates this  view  of  the  origin  of  ores  in  the  same  '^  Transac- 
tions," Vol.  XXIII,  p.  179.  Emmons,  in  Monograph  XII  of 
the  United  States  Geological  Survey,  "The  Geology  and 
Mining  Industry  of  Leadville,"  proposes  a  third  theory  which 
is  advocated  by  Professor  Kemp  in  his  "  Ore  Deposits  of  the 
United   States,"  viz.:  the  Eeplacement  theory,  according  to 
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^hich  he  belives  that  the  ore-bearing  solatione  have  replaced 
the  rock,  molecole  by  molecale,  thus  forming  an  ore-body  which 
has  no  well-defined  wails,  which  does  not  presuppose  an  already 
formed  cavity  or  fissure,  but  which  insensibly  merges  into  the 
formations  on  either  side.  This  subject  of  the  origin  of  the 
ores  can  best  be  grasped  from  the  comparative  study  of  the 
Magnesian  limestone  with  the  Upper  Burlington  deposits,  and 
their  relation  to  similar  deposits  in  other  countries.  No  one 
can  compare  the  great  Bleyberg  mine  in  Belgium,  described  by 
Phillips  in  his  "  Ore  Deposits  "  as  a  modified  fissure  vein,  with 
the  Joplin  or  Webb  City  deposits  without  being  struck  by  their 
close  similarity. 

The  lead  and  zinc  mines  of  the  world  are  mainly  confined 
to  the  Silurian  and  Lower  Carboniferous  formations,  and  the 
consensus  of  the  best  European  geologists  and  mining  engi- 
neers is  in  favor  of  the  deep  seated  origin  of  their  ores.  The 
presence  of  crystals  of  ore  in  the  interior  of  fossils  ;  the  evi- 
dence, in  many  instances,  that  the  ore  has  been  deposited  under 
great  pressure,  as  so  beautifully  exhibited  in  the  Pierson  creek 
mines ;  the  continuity  of  veins  both  in  depth  and  a  great  dis- 
tance horizontally,  and  their  frequent  association  with  faulting, 
together  with  the  facts  above  mentioned,  are  strong  evidence 
of  the  deep  ongin  of  our  own  lead  and  zinc.  It  has  been 
shown  that  heated  alkaline  waters,  under  pressure,  holding 
metallic  sulphides  in  solution,  would  precipitate  these  on  release 
of  pressure  and  the  precipitation  of  alkaline  salts.  Cooling 
would  also  bring  about  the  same  results.  A  slight  change  of 
pressure  in  different  parts  of  the  vein  might  cause  a  change  in 
the  deposit,  and  thus  account  for  the  different  kinds  ot  ore  at 
different  levels.  It  has  been  suggested  that  the  heat  necessary 
for  these  phenomena  might  have  been  produced  by  the  Ozark 
uplift 

It  is  quite  probable  that  ores  are  being  redissolved  and 
reprecipitated  in  cold  solutions  in  mines  to-day.  In  reopening 
an  abandoned  shaft  at  the  Pierson  creek  mines,  several  four- 
inch  spikes  that  were  in  a  ladder  which  was  submerged  in 
water  for,  probably,  about  five  years,  were  covered  to  a  thick- 
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neas  of  half  an  inch  with  crystals  of  sphalerite.    These  are 
DOW  in  the  collection  of  the  writer. 

THB  BBOOKLINB  MINBS. 

At  the  present  time,  mining  is  not  very  actively  carried  on 
in  the  vicinity  of  Brookline.  Until  recently,  work  has  pro- 
gressed by  shallow  diggings  in  groand  that  has  been  gone  over 
in  a  similar  manner  two  or  three  times,  and  directly  over  an 
ore-body,  the  width  of  which  is  at  least  50  feet,  and  the  work- 
able depth  in  the  Upper  Burlington  limestone  of  more  than  205 
feet,  as  shown  by  a  recent  drill-well  section. 

The  Potter  Shaft.  Of  the  mines,  which  are  in  three 
gronps,  the  oldest  and  most  worked  is  on  the  Potter  tract,  Tp. 
28  N.,  B.  XXIII  W.,  Sec.  2,  Se.  }.  Mineral  was  discovered 
here,  if  the  information  is  correct,  in  aboat  the  year  1873.  The 
claim  has  been  extensively  mined  to  depths  of  25  to  50  feet. 
Mr.  Bay  Wilson  worked  this  tract  for  lead  from  1875  to  1876, 
taking  oat,  it  is  estimated,  over  300,000  ponnds  of  ore,  entirely 
supplying  his  own  smelter  which  was  bailt  near  by.  One  shaft 
was  sunk  to  a  depth  of  95  feet.  In  others,  drifting  was  ex- 
tensively resorted  to,  bat  as  both  the  shafts  and  the  mines 
were  so  dangeroas  from  constant  caving  in  that  it  was  im- 
possible to  work  them  properly,  they  were  finally  abandoned. 

In  the  deepest  shaft  a  ran  of  blende  three  feet  in  thickness 
was  struck.  The  ore-bodies  are  evidently  wide,  but  it  is  im- 
possible to  estimate  their  extent  from  the  surface.  From 
observations  on  the  shafts  and  caved  in  drifts,  the  crevice 
courses  appear  to  run  north  20  to  30  degrees  east.  The  galena 
is  associated  with  an  abandance  of  calcite,  dolomite  and  clay. 
The  chert  in  the  vein-staff  is  bat  little  brecciated,  and  the 
limestone  of  the  wall-rock  is  soft,  poroas  and  highly  fossil- 
iferous. 

In  1837,  some  Brookline  people  dabbed  together  and  sank 
what  was  called  the  citizens'  shaft  to  a  depth  of  85  feet  on  this 
tract.    Digging  was  stopped  in  open  groand,  in  decomposed 
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limestone  with  tallow  day  and  calcite.*  About  60  feet  to  the 
north  and  west  of  this  is  located  the  **  Line  "  shaft,  so-called 
from  its  position  on  the  line  between  two  companies  who  ased 
it  in  common  to  work  their  drifts.  The  Stogsdale  company 
drifted  north  44  feet,  and  took  oat  the  largest  amoant  of  lead 
on  the  tract.  A  little  west  of  dne  north  from  the  '^Line" 
shaft,  the  old  smelter  was  located.  One  hundred  and  eighty 
feet  dne  north  of  this  same  shaft,  Bay  Wilson  sank  a  shaft  S3 
feet  deep,  passing  through  bowlders  and  clay  to  a  depth  of  70 
feet,  and  struck  the  first  zinc  at  a  depth  of  86  feet. 

The  Armstrong  Diggings,  Immediately  south  of  the  Potter 
place  is  a  second  group  of  mines.  In  the  north  part  of  the 
^^  eighty  "  are  some  large  sinks,  with  cave  openings  ia  the  bot- 
tom, in  one  of  which  a  considerable  deposit  of  ore  was  found. 
Just  to  the  west  of  these  sinks,  Mr.  Armstrong,  in  1875,  dis- 
covered crystals  of  lead  in  the  soil  at  the  surface.  A  number 
of  shafts  were  sunk,  and  over  5,000  pounds  of  zinc  silicate  wern 
taken  out.    The  old  shafts,  however,  have  been  filled  up. 

The  Old  Silicate  Diggings,  About  one-quarter  of  a  mile 
to  the  south,  but  still  on  the  Brown  *'  eighty,"  is  a  group  of 
excavations  which  were  worked  in  1875.  Through  the  ignor- 
ance of  the  superintendent,  instead  of  sinking  shafts  in  the 
ore-body,  which  is  from  50  to  60  feet  wide,  several  were  put 
down  just  outside  of  the  ore-body  in  barren  limestone.  Sub- 
sequently, all  the  diggings  were  abandoned. 

The  Deputy  Diggings.  East  and  south  of  the  Old  Silicate 
diggings,  on  the  Deputy  land,  Tp.  28  N.,  R.  XXIII  W.,  is 
another  groap  of  mines.  Here  considerable  work  has  been 
done,  and  dry  bone  and  silicate  taken  out. 

The  Pierson  Creek  Mines,  The  mining  of  this  group  is 
controlled  tc-day  mainly  by  the  Bowyer  &  Oo.  and  the  Lewis 
mining  companies. 

Nathalie  Mine,  The  land  upon  which  this  mine  is  located 
is  owned  by  a  Mrs.  McFarland,  who  leased  eighty  acres  several 

*Thl8  sliaft  was  subsequently  reopened  and  excavated  to  a  depth  of  125 
feet.  A  powerful  stream  of  water  from  the  northeast  stopped  the  work.  The 
bed  of  clay  and  water-worn  gravel  In  the  bottom  of  the  shaft  was  probed  flTe 
feet  further,  but  no  change  In  conditions  found. 
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years  ago  to  Messrs.  Ball  and  Thomas  of  SpriDgfleld.  Early 
in  the  spring  of  1890,  these  persons  subleased  it  to  Sherman 
and  Edgar,  who,  in  Ifovember,  1892,  transferred  their  interest 
to  the  Ifathalie  Mining  Company,  which,  after  operating  the 
mines  aboat  eight  months,  sold  their  lease  to  Mr.  B.  P.  Bowyer. 
Mr.  Bowyer  systematically  and  snocessfnlly  worked  this  mine 
nntil  January,  1895.  His  drifting  amounted  to  aboat  1,200  feet 
along  the  ore-body.  A  peculiar  feature  of  this  mine  was  a 
aeries  of  faults  in  the  ore-body.  In  following  the  north- 
westerly trend  of  the  crevice,  a  blank  wall  would  suddenly  be 
reached,  and  on  drifting  from  15  to  30  feet  to  the  west  the  con- 
tinuation of  the  crevice  would  be  found.  Five  of  these  dis- 
placements were  encountered  in  drifting  across  the  eighty-acre 
tract.  Over  fifty  thousand  dollars  worth  of  ore  was  taken 
from  this  mine.  Fifteen  per  cent,  of  the  bulk  of  this  ore  was 
galena. 

These  mines  were  well  equipped  with  steam  hoisting 
plants  and  concentrating  works.  They  are  situated  in  a  narrow 
valley,  mainly  on  the  west  bank  of  Pierson  creek,  not  far  from 
its  junction  with  the  James  river,  in  Tp.  29,  B.  XXI  W.,  Sees. 
35  and  36.  The  east  side  of  the  creek  is  a  precipitous  cliff 
from  80  to  100  feet  high.  The  western  bank  forms  a  gentle 
slope  toward  the  Upper  Burlington  plateau  to  the  northwest. 
The  Kansas  Oity,  Fort  Scott  and  Memphis  railroad  passes  down 
the  valley,  crossing  the  creek  just  south  of  the  principal 
mines. 

This  mining  camp  is  one  of  the  most  instructive  points  for 
the  study  of  ore  crevices  and  depositions,  and  their  relations 
to  geological  horizons.  The  section  given  below  will  show  the 
formations  at  this  point.  It  is  taken  from  the  top  of  the  bluff 
on  the  east  side  of  the  stream  and  just  north  of  the  master- 
fissure  of  the  group,  at  Mr.  Bowyer's  Sunrise  shaft,  the  fissure 
being,  at  this  point,  associated  with  faults  in  which  the  hanging- 
wall  is  20  feet  higher  than  the  foot-wall,  the  reverse  of  the  gen- 
eral rule  for  faulting.  The  course  of  this  master-fissure  is  about 
N.36°  W.,  having  a  dip  of  about  60°  Ne.  The  bluff  is  capped 
with  10  to  20  feet  of  residual  Upper  Burlington  chert : 
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Section  of  Bluff  on  Pieraon  Greek. 

Feet. 

6.    Chert,  residual.  Upper  Burlington 20 

4.    Limestone,  Lower  Burlington 60 

3.    Limestone,  Chouteau,  which  extends  6  feet  into  the  shaft HO 

2.    Shales.  Hannibal,  the  ore  horizon 40 

1.    Sandstone,  Phelps,  with  fish  teeth,  forming  the  bottom  of  the 

run  of  mineral  In  this  camp Vi 

This  faalt  shows  the  formations  on  the  soath  side  of  the 
ore-body  20  feet  lower  down  than  those  on  the  north  side. 
Along  the  blaff  a  few  hundred  feet  to  the  north  is  another  faalt, 
and  still  a  third  is  found  about  100  feet  further  in  the  same 
direotion.  Owing  to  the  slope  of  the  Lower  Burlington  chert, 
it  is  difficult  to  determine,  accurately,  the  throw  of  the  last  two 
displacements.  They  vary  from  10  to  20  feet  in  the  amount  of 
dislocation.  The  disturbance  of  the  strata  caused  by  this 
faulting  has  deceived,  and  rendered  the  calculations  of  the 
miners  worthless,  as  to  the  locations  of  the  ore  horizon  at  a 
number  of  points  in  their  vicinity. 

Beturning  to  the  main  crevice,  a  number  of  shafts  have 
been  sunk  from  the  top  of  the  bluff  along  the  fault,  and  the 
narrow  ore-body  has  been  exposed  in  the  Lower  Burlington 
limestone,  midway  along  the  bluff,  thus  presenting  the  very 
best  opportunity  for  the  study  of  the  fault,  the  fissure  and  the 
worthless  Lower  Burlington  ore-body  which  is  about  eight  feet 
wide,  the  hard  Lower  Burlington  chert  of  the  ore-body  is  mixed 
With  a  small  amount  of  disseminated  lead  and  blende. 

In  the  Ohouteau,  the  ore-body  apparently  narrows,  and 
contains  but  a  little  lead,  in  cubical  crystals.  As  this  is  thickly 
covered  with  Lower  Burlington  slope,  but  little  opportunity  is 
given  for  its  study. 

In  the  main  shaft  in  the  Gumbo,  or  Nathalie  mine,  about 
300  feet  northwest  from  the  old  main  shaft  at  the  foot  of  the 
bluff,  there  is  an  excellent  opportunity  to  study  the  deposition 
of  the  ore.  The  slope  here  is  about  80  feet  long,  and  varies  in 
width  from  15  to  30  feet.  There  are,  apparently,  at  this  point, 
two  nearly  vertical  fissures  separated  by  a  narrow  belt  of  nearly 
barren  rock.    The  ore  in  the  upper  part  of  the  shales  is  mainly 
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galena,  in  small  caboidal  and  modified  octahedral  crystals,  dis- 
seminated in  a  white  tallow  clay  lying  in  the  shattered  hori- 
zontal cracks  of  the  shales.  The  lower  12  feet  of  the  shales, 
which  represent  aboat  the  height  of  the  slope,  contains  mainly 
zinc  blende  in  the  shape  of  thin,  massive  sheets  intercalated 
between  the  bedding  planes  opened  by  the  shattering,  and  lead- 
ing, as  veinlets,  to  the  two  main  runs  of  mineral.  These  form 
the  two  nearly  vertical  veins  before  referred  to.  These  shafts 
are  frequently  coated  with  the  white,  compact  tallow  clay 
referred  to  above.  The  blende  is  also  found  in  small,  dis- 
seminated crystals  of  great  beaaty  in  the  softer  shales.  The 
vein-staff  consists  of  a  very  small  amonnt  of  disseminated 
calcite  ('^  tiff,")  and  the  wall-rock  is  the  typical  bine  or  blaish- 
drab  Hannibal  shale. 

The  ore  seems  to  have  been  deposited  under  considerable 
pressure,  filling  the  two  main  crevices,  and  penetrating  the 
shattered  wall-rock  in  tortuous  veinlets,  filling  such  spaces  in 
more  or  less  massive  sheets,  and  then  forcing  its  way  into  the 
softer  portions  of  the  shale  wherever  it  could  penetrate,  form- 
ing disseminated  crystals.  The  blende  is  light  colored,  and  is 
of  great  purity.  The  ore-body  varies  from  20  to  35  feet  in 
breadth,  and  from  8  to  15  feet  in  thickness.  The  roof  of  the 
slope  will,  undoubtedly,  furnish  a  great  amount  of  galena  when 
taken  down.  The  ore  is  intimately  associated  with  the  "gumbo,'^ 
a  variety  of  tallow  clay,  from  which  it  is  separated  with  great 
difiBculty,  and  the  waste  dump  contains  a  considerable  amount 
of  ore. 

The  Bowyer  and  Company  Mine.  In  the  fall  of  1895,  Mr. 
Bowyer  leased  an  adjoining  40  acres  across  the  ^'Gulf"  rail- 
road right  of  way,  on  what  would  be  a  probable  extension  of 
the  ore-body  of  the  old  Gumbo  or  Nathalie  mine,  in  Tp.  29,  B. 
XXI,  Sec.  35  Ne.  of  Nw.  The  first  drill  that  was  put  down 
struck  the  continuation  of  the  ore-body.  Several  months  were 
spent  in  prospecting  with  the  drill,  in  order  to  demonstrate  the 
extent  of  the  ore-body  on  this  new  lease.  In  October,  1896,  a 
shaft  was  sunk  and  mining  commenced  on  this  new  tract. 
This  ore-body,  as  was  seen  in  the  old  Gumbo  mine,  lies  between 
O— 12 
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the  Hannibal  shales,  and  the  Phelps  sandstone.  It  is  very 
irregular  in  shape,  having  a  series  of  blind  spars  running 
southeast  from  the  main  course  of  the  ore  deposit.  This  new 
ore-body  has  been  developed  for  about  300  feet,  and  has  a  width 
of  about  25  feet,  with  a  thickness  of  8  feet.  This  is  one  of 
the  most  intelligently  managed  mines  in  the  southwest.  The 
extent  of  the  ore-body  has  been  calculated  by  a  system  of  both 
vertical  and  horizontal  drilling,  by  the  means  of  which  latter 
new  parallel  crevices  have  been  discovered.  Of  course  only  a 
diamond  drill  can  be  used  for  the  horizontal  drilling  in  the 
drifts.  By  utilizing  the  steam  from  the  engine  that  runs  the 
hoisting  apparatus,  the  expense  of  running  the  diamond  drill 
is  only  twenty-five  cents  a  foot,  while  that  of  running  the  churn 
drill  is  reduced  to  seventy-five  cents.  The  ore  at  these  mines 
has  always  been  extremely  difiBcult  to  clean,  owing  to  the  fact 
that  the  disseminated  crystals  of  lead  and  zinc  are  so  closely 
associated  with  a  tenacious  white  tallow  clay.  Mr.  Bowyer 
has  made  a  careful  study  of  these  conditions,  and  by  means  of 
eome  ingenious  contrivances  of  his  own,  has  managed  to  over- 
come the  stubbornness  of  the  combination,  and  to  thoroughly 
and  economically  clean  this  ore,  which  was  formerly  so  difficult 
to  handle.  His  process  requires  2,000  gallons  of  water  per 
minute.  The  water  is  pumped  from  the  creek,  and  is  used  only 
once.  The  concentrating  plant  consists  of  one  Blake  crusher, 
two  revolving  screens,  four  elevators,  three  sets  of  Oomish 
rolls  and  twelve  plunger  jigs.  In  order  to  control  the  water, 
two  large  double-rigged,  ten-inch  Oornish  pumps,  with  a  capacity 
of  12,000  gallons  per  minute,  have  been  put  In.  The  land  on 
which  this  mine  is  located,  is  leased  from  Mrs.  Greenlee,  of 
Springfield,  at  10%  royalty.  The  wages  paid  at  this  mine  are, 
for  ground  men,  $1.75  a  day,  a  nine  hours  shift ;  top  men,  $1.25 
to  $1.50  a  day;  foremen  and  engineer,  $2.00  to  $2.50  a  day. 
The  lead  and  zinc  from  the  Pierson  creek  mines  always  bring 
the  highest  price  in  the  market,  as  they  are  both  of  unusual 
purity.  The  output  from  the  Bowyer  &  Company  mine,  as 
taken  from  the  books,  is  as  follows  :  From  October,  1896,  to 
January,  1897, 62,580  pounds  of  galena,  and  303,400  pounds  of 


PIBBSON  OBBBK  MINBS.  179 

zino  blende.  Owing  to  the  severe  floods  of  January,  1897,  it 
was  impossible  to  control  the  water  antil  about  May  1,  1897. 
From  this  date  to  November  1, 1897,  the  oatpat  was  195,380 
poands  of  galena  and  1,154,680  of  zinc  blende. 

Hie  Lewis  Mine.  South  of  the  Gambo,  or  Nathalie,  Mr. 
Bowyer  did  some  prospecting  in  1895,  sinking  the  ^^  Sunrise  " 
shaft  at  the  sammit  of  the  bluff  jast  east  of  Pierson  creek,  bat 
it  was  not  until  1896,  that  productive  mining  was  done  east  of 
the  stream.  In  that  year,  Mr.  J.  T.  Lewis  leased  from  T.  J. 
Kershner,  the  forty  acres  south  and  east  of  the  Gumbo  "  forty," 
and  about  800  feet  east  of  the  ''  Sanrise  "  shaft.  The  Lewis 
iihaft  is  84  feet  deep,  and  the  ore-body  presents  itself  under, 
apparently,  the  same  conditions  as  those  which  prevail  at  the 
Nathalie  and  Gambo  mines.  At  the  present  time  the  Lewis 
drifts  have  an  extent  of  aboat  300  feet,  with  an  estimated  pro- 
daction  of  about  5,000  pounds  of  zinc  and  lead. 

Suffolk  Shafts.  About  one-half  mile  to  the  southeast  of 
the  Nathalie  shafts  are  the  mines  of  the  Suffolk  Lead  and  Zinc 
Mining  company,  which,  at  different  times,  have  been  called  the 
Mumford  or  Kirshner  mines,  and  later  worked  by  Oapt.  Leader, 
of  England.  They  were  first  opened  by  Mr.  Kirshner.  in  1886. 
They  are  located  on  the  continnation  of  the  crevices  upon 
which  the  Phelps  mines  are  sitaated,  in  Tp.  28  N.,  K.  XX  W., 
Sec.  1,  Ne.  qr.  A  low  divide  separates  the  two  groups,  which 
are  only  200  feet  apart.  The  following  section,  taken  from  the 
pump-shaft,  gives  the  relative  thickness  of  the  |geological  for- 
mations at  this  point : 

Section  of  the  Suffolk  Shaft. 

Feet. 
6.    Boll 12 

4.  Limestone,  Choateaa 13 

8.  Shales,  Hannibal,  (ore  horizon  )- 90 

2,  Shale,  Hannibal,  broken  gumbo  and  ore 9 

1.  Flint  and  Sandstone.  Phelps  and  First  Ma gnestan 8 

As  these  mines  are  on  the  same  crevice  rnns,  they  may  be 
properly  described  in  connection  with  the  Phelps  mines. 

Phelps  Diggings.  The  shafts  here  are  mainly  sitaated 
along  two  crevice  coarses  about  75  feet  apart,  that  run  in  nearly 
parallel  lines  from  the  James  on  the  south,  in  a  course  north 
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26  to  30  degrees  west  through  the  ridge  and  the   Saffolk  dig- 
gings on  its  north  slope.    A  section  of  one  of  the  shafts  shows  : 

Feet. 
8.    Limestone  and  chert,  Lower  Burlington,  to  top  of  ground  at 

shaft 40 

7.  Soil,  made  up  of  Chouteau  and  Hannibal 16 

6.    Limestone,  rather  compact  sUlco-magneslan,  probably  some- 
what metamorphosed 12 

5.    Sandstone,  Phelps 2 

4.    Limestone,  King's  Branch 14 

8.  Alternating  beds  of  hard  chert  and  slUclous  limestone,  First 

Magneslan 16 

2.    Sandstone,  First 3 

1.    Shale,  alternating  layers  of  finely  laminated  blue  and  white. . .       2 

This  shaft  lies  on  one  side  of  the  crevice,  and  represents 
the  geological  horizons  at  this  point.  The  main  ore-body,  at 
the  Phelps  mines,  lies  above  the  Phelps  sandstones,  the  ore- 
body  being  made  np  of  segregated  mineral,  disseminated  through 
^  gumbo,"  the  wonderfally  tenacious  clay  formed  by  the  break- 
ing down  of  the  Hannibal  shales.  Great  difficulty  has  been 
found  in  cleaning  this  ore  by  hand,  as  the  peculiar  gangue  re- 
sists separation  to  a  remarkable  degree.  Various  experiments 
have  been  made  as  to  the  effects  of  frost  and  heat  of  the  sun 
before  hand-jigging,  and  it  has  also  been  roasted,  but  no  method^ 
so  far  tried,  has  given  very  satisfactory  results  until  the 
Nathalie  and  Suffolk  companies  put  in  steam  concentrators. 
Neither  the  King's  limestone  nor  the  First  Magneslan,  on  ac- 
count of  their  hard,  silicious  nature  at  this  point,  are  favorable 
for  the  accumulation  of  much  of  an  ore-body,  and  when  the 
upper  run  of  mineral  is  exhausted  in  all  these  mines,  including 
the  Pierson  creek  group,  search  must  be  made  in  the  Second 
Magneslan  for  another  run  of  mineral,  and  this  is  not  promis- 
ing, owing  to  the  depth  to  be  gone,  and  to  the  fact  that  the 
Second  Magneslan  ore-body  is  seldom  more  than  eight  feet 
wide.  Hence,  it  would  seem  that  all  profitable  mining  in  these 
camps  is  necessarily  confined  to  the  formations  above  the 
Phelps  sandstones,  viz. :  the  Hannibal  shales. 

The  Phelps  mines  represent  one  of  the  oldest  lead  camps 
in  ihe  southwest.  Schoolcraft  *  speaks  of  camping,  in  January « 
1819,  at  a  place  which  was,  undoubtedly,  this  one.    He  says  : 

*  A  View  of  the  Lead  Alines  of  Missouri,  Schoolcraft,  1819,  p.  251. 
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^' Finley  river  forms  a  janotion  with  this  stream  (James), 
near  the  center  of  this  choice  body  of  land,  and  about  one 
hundred  miles  above  its  month.  Twenty  miles  above  the  junc- 
tion of  these  streams,  on  the  immediate  banks  of  the  James 
river,  are  sitnated  some  valaable  lead  mines,  which  have  been 
known  to  the  Osage  Indians,  and  to  some  White  river  banters, 
for  many  years.  The  Indians  have  been  in  the  habit  of  pro- 
caring  lead  for  ballets  at  that  place,  by  smelting  the  ore  in  a 
kind  of  farnace  made  by  digging  a  kind  of  pit  in  the  ground, 
and  casing  it  with  some  flat  stones,  placed  so  as  to  resemble 
the  roof  of  a  house  inverted,  such  is  the  richness  of  the  ore 
and  the  ease  with  which  it  melts.  The  ore  has  not,  however, 
been  properly  explored,  and  it  is  impossible  to  say  how  ex- 
tensive the  beds  or  veins  may  prove.  Some  zinc,  in  the  state 
of  a  sulpbnret,  is  found  accompanying  it.  There  is  not  an  in- 
habitant on  all  this  stream.  My  own  cabin,  erected  for  a 
temporary  purpose  at  the  mines  in  January  last,  is  the  only 
human  habitation  within  two  hundred  miles  of  that  place." 

The  ore,  occuring  here  in  the  soft  Hannibal  shales,  is  easily 
worked,  and  thus  it  is  seen  why  the  Indians,  who  are  not  fond 
of  manual  labor,  should  take  such  long  journeys  for  the  sake 
of  procuring  their  lead  with  the  least  outlay  of  effort. 

In  1844,  Ex-Governor  McOlurg  owned  a  store  at  Linn 
Greek,  on  the  Osage  river,  from  which  point  he  distributed 
goods  throughout  the  southwest.  Hearing  his  teamsters  speak 
of  the  discovery  of  lead  at  the  old  Hazelwood  mines  in  Web- 
ster county,  and  at  the  Phelps  mines,  he  told  them  to  bring 
back  ore,  when  they  delivered  their  goods,  as  the  price  of  lead 
was  high  at  that  time.  He  also  set  men  at  work  at  both  of 
these '  camps,  and  he  erected  a  small  smelter  at  Hazelwood,  to 
which  point  ore  from  the  surrounding  camps  was  hauled  over- 
land by  team  to  St.  Louis,  a  distance  of  over  200  miles.  The 
price  of  lead  soon  declining,  work  at  these  mines  was  stopped 
for  want  of  cheaper  transportation  facilities.  The  Phelps  mines 
were  abandoned  until  1875,  when  the  land  was  leased  from  its 
owner,  Governor  Phelps,  by  Messrs.  Oharles  and  Henry  Shep- 
pard,  of  Springfield,  and  Judge  Picher,  of  Joplin.    After  some 
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fj^eneral  miniDg,  the  old  pamp-shaft  was  sank  to  a  depth  of  60 
feet,  and  by  drilling  17  feet  more.  The  best  ran  of  mineral  was 
fonnd  at  a  depth  of  25  feet  in  the  lower  "  gnmbo  "  deposit  of 
the  Hannibal  shales,  and  above  the  Phelps  sandstone.  Search 
was  made  for  a  deeper  ran  of  mineral,  bat  in  vain,  and  the 
lease  was  soon  given  np.  No  farther  developments  were  made 
antil  1885-6,  when  Mr.  Joseph  O'Donnel  released  it  from  Ool. 
John  E.  Phelps.  Mr.  O'Donnel  worked  these  mines  profitably 
for  aboat  one  year.  In  the  latter  part  of  1886,  Ool.  Phelpa 
engaged  a  saperintendent  and  worked  the  mines  ap  to  aboat 
1891.  In  the  early  part  of  his  work,  the  prodaction  was  aboat 
two  carloads  of  mineral  per  week. 

ASH  GBOVB  MINBS. 

The  first  discovery  of  lead  in  the  region  of  Ash  Grove  was 
made  soon  after  the  first  settlement  of  the  coanty,  in  Tp.  30 
N.,  K.  XXIV  W.,  Sec.  31.  Only  a  small  amonnt  of  **float '^ 
mineral  was  foand.  In  1859,  in  a  well  sank  on  the  Ooram  farm,, 
one  mile  south  of  Ash  Grove,  near  the  center  of  Sec.  28,  a 
small  amoant  of  galena  was  thrown  oat;  bat  it  was  not  until 
1867  that  any  serious  prospecting  was  done. 

The  mines  in  this  locality  are  mainly  confined  to  the  sec- 
tions lying  south  of  Ash  Grove,  and  east  of  the  Sac  river. 
From  the  first  prospecting  in  1867,  by  Judge  Walker,  up  to  the 
building  of  the  railroad  to  Springfield,  the  mining  industry  of 
this  region  did  not  flourish,  although  many  shafts  were  sunk,, 
and  a  smelter  built.  It  was  the  discovery  of  a  rich  prospect 
on  the  Hutchins  land,  where  considerable  mineral  was  taken 
out,  that  gave  the  real  impulse  to  the  development  of  the  Ash 
Grove  district.  There  were,  however,  great  obstacles  to  suc- 
cessfully mining  at  this  time.  The  pig  lead  had  to  be  hauled 
18  miles,  over  a  rough  road,  to  Brookline,  the  nearest  railway 
station.  The  price  of  lead  declined  from  $30  to  $9  a  thousand, 
the  leases  required  the  enormous  royalty  of  33}  per  cent.,  and 
for  these  reasons  mining  was  practically  stopped  until  about 
1888,  when  a  rich  strike  was  made  on  the  Duncan  land  two> 
miles  south  of  the  town. 
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The  mines  of  this  region  are  all  located  in  the  middle  beds 
of  the  Upper  Barlington,  and  most  of  the  ore  is  taken  oat  from 
jast  above  a  bed  of  yellow^  rock  30  feet  thick,  which  is  tre- 
qnently  mistaken  for  the  Ohouteaa  limestone.  This  yellow  rock 
is  the  same  that  forms  the  floor  of  the  lime  kiln  qaarry  at 
Ash  Grove, 

The  following  camps  in  the  vicinity  of  Ash  Grove  will  be 
briefly  described : 

Coram  Diggings,  Tp.  30,  R.  XXIV,  Sec,  28,  S.  i  center. 
More  prospecting  was  probably  done  on  this  land  than  on  any 
other  in  the  region,  and  small  amoants  of  ore  obtained. 

The  Hatchins  land,  now  known  as  the  Mnrray  tract.  The 
mines  on  this  land  are  sitaated  a  mile  and  a  half  soath  of  Ash 
Grove,  in  Tp.  30,  K.  XXIV,  Sec.  32,  Se.  J,  Ne.  I.  They  were  dis- 
covered in  1867,  and  a  considerable  amoant  of  ore  was  obtained 
from  them,  bat  owing  to  the  discoaragements  already  referred 
to,  work  was  soon  abandoned,  and  they  were  not  reopened 
nntil  1888,  when  the  rich  deposit  on  the  Dancanland,aqaarter 
of  a  mile  to  the  soath  was  foand.  A  namber  of  shallow  shafts 
have  been  sank  on  this  tract,  and  the  accompanying  section, 
obtained  in  1893,  gives  a  general  idea  of  the  saccession  of 
strata  at  this  point. 

The  apper  15  feet  in  this  section  represent  the  residaal 
material  from  a  ferrnginoas  sandstone,  and  in  a  namber  of  shafts 
in  the  vicinity  blocks  of  sandstone  and  shale  are  encoantered 
above  the  limestone.  The  lower  10  feet  represent  the  apper 
third  of  the  thirty  feet  of  yellow  rock  which  has  so  freqaently 
been  confased  with  the  Ohoateaa.  The  first  zinc  from  the 
Ash  Grove  mines  was  shipped  from  this  tract.  Of  the  varioas 
companies  organized  to  develope  this  land  may  be  mentioned 
the  Golden  Eagle  mining  company,  with  a  capital  stock  of 
$30,000,  which  took  oat  aboat  400,000  pounds  of  lead ;  the 
^^Galf  "  company,  which  foand  good  silicate  at  a  depth  of  65 
feet ;  and  the  *^  Olinton  "  company,  which  also  foand  a  fine 
deposit  of  silicate  at  65  feet. 

Taylor  shaft,  on  the  McCord  land  (Tp.  29  N.,  K  XXIV 
W.,  Sec.  6,  Ne.  qn),  aboat  one-half  mile  soath  of  the  Marray 
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land,  Taylor  and  Edgington  discovered  a  rich  deposit  of  min- 
eral on  this  land  in  1889.  The  shaft  was  sank  to  a  depth  of  75 
feet,  after  passing  throngh,  at  the  sarface,  about  15  feet  of 
ferraginoas  sandstone.  The  output  of  this  shaft  from  February 
to  May,  1890,  sold  for  $23,000. 

Dunlop  Shaft  On  the  lot  adjoining  the  Taylor  and  Edg- 
ington shaft,  Dunlop  and  McEellop  struck  a  rich  vein  of  silicate 
at  80  feet.  At  the  present  time,  1896,  this  is  the  only  tract 
worked  in  the  Ash  Grove  district.  The  Gilliam  mining  com- 
pany have  sunk  several  shafts  on  this  tract,  and  have  done 
some  drifting,  the  deepest  point  reached  being  135  feet,  all  in 
bowlder  formations.  The  deepest  run  of  mineral,  however,  is 
at  a  level  of  85  feet,  just  above  the  yellow  rock.  The  ore- 
channel  has  a  course  N.  14°  W.  The  ore-body  varies  from  15 
to  60  feet  in  width,  and  is  from  6  to  7  feet  high.  Upon  tbis 
ore-body  drifting  has  gone  on  600  feet.  The  ore  consists 
mainly  of  galena  in  the  upper  part,  followed  by  zinc  silicate, 
and  with  zinc  blende  in  the  lowest  run.  Little  or  no  dry  bone 
is  found. 

The  Pennsylvania  Company  Land.  This  is  situated  just 
east  of  the  railroad  and  south  of  the  town  of  Ash  Grove,  in 
Sec.  28.  This  company  sank  a  shaft,  in  1895,  to  a  depth  of 
250  feet,  reaching  the  First  Magnesian  limestone.  Mr.  Winslow 
gives  the  following  section  : 

Surface,  red  clay  and  chert  fragments. 

Open  ground,  consisting  of  red  clay  and  chert  fragments, 
the  latter  loose  or  cemented  by  hard,  drab,  earthy  quartzite,  in 
which  are  crystals  of  galena;  in  this  cerussite  was  also  found. 

Limestone,  yellow,  with  clay  pockets  and  perhaps  some 
chert,  close-textured,  probably  Ohouteau,  containing  no  ore. 

Limestone,  dark  colored,  coarsely  granular. 

Limestone,  light  gray,  finer  texture. 

Limestone  and  chert,  in  very  thin  (4-inch}  layers,  the 
limestone  fine-grained  and  dense.  At  125  feet  ore  was  found 
in  thin  sheets  and  in  small  pockets,  with  calcite,  and  at  175 
feet,  a  little  more. 

Shale,  drab,  coarse  textured,  dense,  slack  on  exposure. 
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Litnestone,  dark  colored,  coarsely  granalar,  growing  finer 
in  teztare  and  more  arenaoeoas  toward  the  base.  Oontains 
some  pyrites. 

Qaartzite,  calamine  near  the  top,  somewhat  colored,  con* 
taining  desseminated  blende. 

Sandstone  or  qaartzite,  white,  with  vertical  veinlets  of 
blende  and  some  galena  extending  from  top  to  bottom. 

Shale,  dark  calcareous,  passing  upward  into  the  sandstone. 

Shale,  almost  black,  arenaceous,  lower  half  contains  ore 
in  pockets  or  vugs  in  crystals,  and  associated  with  no  clay. 
Much  water  flowed  from  the  stratum. 

Magnesian  limestone,  light-gray  colored  and  porous  ;  prob- 
ably Silurian. 

Section  of  Pennsylvania  shaft. 

As  before  stated,  most  of  the  ore  in  the  difiPerent  camps  is 
obtained  just  above  the  yellow  limestone,  I7o.  4  of  the  sec- 
tion, though  at  times  it  extends  to  greater  depths,  and  is  geolo- 
gically lower. 

The  Oetty  Diggings.    They  are  *'  in  the  Nw.  i  of  Sec.  33, 

m 

Tp.  30  N.,  B.  XXIY  W.  A  number  of  shafts  had  been  sunk 
to  a  depth  of  from  20  to  30  feet,  penetrating  the  yellow  lime- 
stone 6  to  8  feet.    Both  galena  and  calamine  were  taken  out." 

Twenty  years  ago.  Professor  0.  P.  Williams  wrote  sub- 
stantially, as  follows : 

^*  On  section  28  a  number  of  shafts  have  been  sunk,  the 
deepest  of  which  was  carried  down  to  the  depth  of  50  feet. 
The  lead  ore  was  struck  at  from  15  to  30  feet  from  the  surface. 
Superficially  the  ore  was  mainly  carbonate  of  lead  of  the 
variety  known  as  the  "  ash  mineral,"  but  in  depth  the  galenite 
predominated.  The  ore  was  intermixed  with  clay,  flint,  lime- 
stone and  ^^quartzite,"  and  occupied  irregular  cavities  in  the 
limestone.  In  carrying  down  the  deepest  shaft  about  ten  tons 
of  mineral  were  taken  out.  At  another  shaft  183  feet  south- 
west from  the  first  mentioned,  the  product  was  25  tons.  Several 
diggings  west  from  the  last  named,  a  distance  of  115  feet,  a 
third  shaft,  carried  to  the  depth  of  45  feet  struck  galena,  or 
blue  mineral,  at  a  depth  of  30  feet.    Three  hundred  feet  from 
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this  Bhaft,  on  a  coarse  8.  28  deg.  W.,  a  shaft  19  feet  showed 
^'  oog  "  and  ^'  dice  "  mineral,  intermixed  with  flint  and  calcite^ 
the  latter  chiefly  of  the  variety  known  as  dog-tooth  spar.  In 
drifting  10  feet  from  this  shaft,  with  an  opening  three  feet  high 
by  about  foar  feet  wide,  between  5,000  and  6,000  ponnds  of 
galena  were  removed.  A  section  of  this  shaft  exhibited  the 
following  (flgnre): 

Soil  and  gravel,  with  limestone  and  chert  fragments. 

Bed  clay,  with  many  chert  fragments. 

Olay  and  ocher,  with  mach  limestone,  and  with  patches  of 
*'  tallow  clay,"  carrying  some  cerrussite. 

Limestone,  soft  magnesian,  coarsely  granular,  with  much 
calcite  and  dolomite,  and  carrying  galenite. 

The  rock  beneath  this  last  is  close-grained,  compact,  and 
somewhat  silicious  limestone,  of  blue  color,  containing  41  per 
cent,  of  magnesium  carbonate,  and  is  generally  regarded  as  the 
bed  rock  of  inferior  limits  of  the  lead-bearing  zone." 

PIOKBBBL  OBBBK  MINBS. 

These  mines  are  located  at  the  head  of  a  spring  branchy 
which  is  one  of  the  tributaries  of  Pickerel  creek,  and  on  a 
dividing  ridge  running  southeast  from  the  spring.  They  are  in 
Tp.  29  N.,  R.  XXIV  W.,  Sec.  33,  Ne.  qr.,  and  Sec.  34,  Nw.  qr. 
They  were  discovered  in  1887,  by  John  McDaniel,  who  found 
some  small  crystals  of  lead  when  cleaning  out  the  spring,  and 
they  were  opened  and  worked  somewhat  extensively  for  several 
years  by  Thomas  O'Banon,  being  finally  abandoned  because  of 
lack  of  transportation  facilities.  Ash  Grove,  the  most  acces- 
sible point  for  shipment,  is  about  14  miles  distant.  The  condi- 
tion in  which  the  ore  is  found  in  these  mines  is  almost  identical 
with  that  at  Ash  Grove.  The  large  bulk  of  the  ore  is  taken 
from  the  decomposed  beds  immediately  above  the  yellow  rock^ 
or  Ohouteau-like  layer  of  the  Upper  Burlington  limestone. 
Some  200  shafts  have  been  sunk  at  these  diggings,  only  two 
or  three  of  which  extend  below  the  yellow  rock  above  referred 
to.  These  shafts  are  mainly  located  along  three  more  or  less 
parallel  runs  that  have  an  average  course  of  25°  north.    They 
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extend  for  aboat  one-third  of  a  mile,  and  are  only  a  short  dis- 
tance apart.  The  west  ran  is  almost  wholly  located  in  the 
northeast  corner  of  section  30,  while  the  other  two  are  mainly 
in  the  northwest  corner  of  section  34.  A  shaft  sunk  to  the 
depth  of  40  feet  near  the  middle  of  the  west  ran  strack  the 
yellow  rock  at  a  depth  of  25  feet.  A  crevice  6  feet  wide  in 
this  limestone  was  exposed,  having  a  coarse  N.  20^  W.,  and 
was  filled  with  chert  and  galena.  Above  this  limestone  several 
drifts  were  made  in  the  clay,  and  a  large  amoant  of  "  float  '^ 
lead  (galena)  was  taken  ont.  Below  the  yellow  rock,  a  pink- 
ish, highly  crystalline  arragonite,  commonly  called  cave  onyx 
was  foand.  The  deepest  shaft  sank  was  near  the  spring  in  the 
northwest  corner  of  the  diggings.  It  was  62  feet  deep,  and 
passed  Ihroagh  two  feet  of  soil,  6  feet  of  the  yellow  rock,  and 
54  feet  of  bine,  crystalline  Upper  Barlington  limestone.  The 
barometer,  from  the  month  of  the  shaft  to  the  exposure  of  the 
apper  part  of  the  Lower  Barlington,  two  miles  away,  indicates 
a  thickness  of  130  feet  of  Upper  Barlington.  Some  zinc  was 
foand  in  this  shaft,  while  ^'  float"  lead  was  foand  np  the  slope 
in  all  three  rans  in  clay  jast  above  the  yellow  layer,  and  dry 
bone  (lead  carbonate)  was  foand  near  the  sarface  at  the 
highest  points  on  all  these  rans.  Some  silicate  was  taken  ont 
of  the  middle  ran  high  np  the  hill.  Crystals  of  galena,  dolomite 
and  zinc  blende  are  mixed  together  with  the  chert  bowlders  in 
some  of  the  shafts.  Phosphate  of  lead  was  associated  with 
*'tifF"  and  galena  at  a  few  points.  In  a  shaft  46  feet  deep  at 
the  top  of  the  hill  a  flat  opening  above  the  yellow  rock  yielded 
60,000  poands  of  ^*  float "  lead.  A  pecnliar  sandy,  poroas  rock 
is  associated  with  the  mineral  at  a  number  of  points.  The 
porous  cavities  are,  evidently,  the  casts  of  zinc  blende  crystals 
that  have  been  eroded  away.  Black  oxide  of  manganese  moss 
markings  are  frequent  in  the  flint,  which  is  white,  seamed  and 
slightly  fossiliferous.  The  ore-body,  in  places,  seems  to  have 
a  width  of  nearly  lOO  feet.  It  is  estimated  that  over  200  car 
loads  of  mineral  has  been  taken  out  of  both  the  central  and 
western  runs.  S.  M.  Smith,  of  Springfield,  has  recently  re- 
opened these  mines. 
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Professor  Williams  visited  these  mines  in  1878,  and  his 
notes  are  essentially,  as  follows : 

''  Ten  miles  nearly  dae  soathward  from  Ash  Orove,  the 
lead-bearing  members  of  the  Keokuk  series  constitate  the 
sarfaoe  rock,  and  are  worked  for  lead  ores.  The  diggings  are 
chiefly  in  the  northern  part  of  section  33,  township  29  N.,  B. 
XXIV  W.,  in  the  vicinity  of  Pickerel  creek.  The  ores  occur 
at  the  same  horizon  as  at  Ash  Orove,  and  the  conditions  of 
the  latter  are  very  closely  reproduced  at  Pickerel.  The  diggings 
are  near  the  summit  of  a  hill,  which  attains  an  elevation  of 
about  45  feet  above  the  ravine  at  its  base,  or  190  feet  above 
the  Pickerel  at  the  crossing  of  the  new  road  from  Springfield 
to  the  Chalybeate  springs  of  Lawrence  county.  The  mineral 
is  struck  at  depths  ranging  from  one  to  26  feet.  It  occurs 
mixed  with  chert  and  limestone  pebbles,  in  a  dark  red  or  yel- 
lowish clay,  non-plastic  and  ochreous,  with  patches  of  non- 
plastic,  or  ''  tallow  "  clay.  Limooite  ore  is  found  in  patches 
and  seams.  Much  of  the  ore  thus  found  has  been  "dry  bone," 
"  ash  mineral."  From  three  prospects  nearly  I2i  tons  of 
mineral  were  taken.  The  ore  is  hauled  to  Ash  Orove,  a  dis- 
tance of  10  miles  as  stated,  and  is  treated  at  the  furnaces  at 
that  place.  The  '^bed-rock"  resembles  closely  that  reached 
at  Ash  Orove  ( the  yellow  Ohouteau-like  rock ),  and  does  not 
differ  from  it  very  widely  in  composition,  as  is  shown  by  the 
annexed  analysis  of  a  specimen : 

Calcic  carbonate 64.684 

Magneslc  carbonate 41.099 

Ferric  oxide  and  alumina 1480 

Insoluble  slUclous  matter 2.623 

100.016 

Some  4,000  tons  of  ore  are  reported  to  have  been  hauled 
from  here  to  Ash  Orove. 

THE  ELK  VALLEY  DIGGINGS. 

These  are  owned  by  Mr.  L.  0.  Lee  &  Go.,  of  Springfield, 
and  are  located  in  Tp.  27,  B.  XXI  W.,  Sec.  33  8.  }  of  Ne.  , 
and  the  N.  i  of  Se.  i.  They  are  a  fine  example  of  mines  situ- 
ated in  the  lower  beds  of  the  Upper  Burlington.    Here  are 
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foand  a  larfi^e  namber  of  parallel  crevices  from  40  to  200  feet 
apart,  which  ran  across  a  small  dividing  ridge  that  separates 
Elk  Valley  from  the  plateaa  on  the  north.  Nameroas  shafts 
have  been  sunk  along  these  crevices  from  the  valley  of  Elk 
creek  right  over  the  ridge,  ontlining,  very  perfectly,  the  loca- 
tion of  the  different  fissures.  These  crevices  have  a  compass 
conrpe  of  N.  25  to  28  deg,  W.  The  ridge  is  capped  by  aboat 
80  feet  of  Upper  Burlington  limestone,  the  Lower  Burlington 
outcropping  in  the  Elk  Valley.  The  ridge  is  quite  narrow,  and 
the  workable  deposit  is  confined  to  the  Upper  Burlington.  The 
shafts  vary  in  depth  from  60  to  100  feet,  the  deepest  extending 
down  into  the  Lower  Burlington.  As  a  rule,  galena  was  found 
in  the  upper  runs,  silicate  in  the  middle,  and  blende  in  the 
deepest  runs.  Several  rich  deposits  were  found  in  flat  open- 
ings, which  are  horizontal  cracks  between  the  bedding  planes 
of  the  limestone. 

No  accurate  statement  of  the  production  of  these  mines 
could  be  obtained,  but  from  the  data  given,  80,000  lbs.  of  lead 
and  100,000  lbs.  of  zinc,  mainly  in  the  silicate,  would  be  a  small 
estimate.  One  crevice  in  the  north  part  of  the  camp  has  been 
opened  as  a  shallow  trench  along  the  slope  of  the  hill,  very 
beautifully  exposing  the  vein  and  veinlets.  The  ore  taken  out 
at  this  point  was  mainly  zinc  blende,  lying  in  the  lower  layers 
of  the  Upper  Burlington,  but  a  few  feet  above  the  Lower  Bur- 
lington. It  was  light  colored,  finely  crystalline  and  granular, 
and  disseminated  through  the  vein-stuff  in  the  main  crevice. 
The  main  fissure  was  but  two  or  three  inches  wide ;  the  ore 
body  about  20  feet  wide.  There  was  probably  20^  of  ore  ex- 
posed in  the  face  of  the  ore-body,  in  the  veinlets  and  dissemi- 
nated in  the  rock. 

THE  NSW  ALMA  MINBS. 

East  of  the  Lee  mines  are  situated  the  Weaver,  the  New 
Alma,  the  Old  Alma,  the  Ozark  mining  company  and  the 
Miller  mines,  all  of  which  have  been  worked  at  intervals,  for 
the  past  forty  years.  It  has  been  estimated  that  as  much  ore 
has  been  taken  from  along  this  valley  as  from  all  the  mines  of 
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OhriBtian  Ooanty  pat  together.  The  most  important,  and  the 
only  one  of  these  mines  worked  today,  is  the  New  Alma,  aboat 
800  feet  north  of  the  old  Alma  mines,  in  Tp.  27,  R.  XXI,  Sec. 
36,  Sw.  corner.  This  deposit  was  first  discovered  a  few  years 
ago  by  Mr.  Weaver,  and  is  now  worked  by  Ool.  John  E. 
Phelps,  of  Springfield.  The  main  shaft  is  aboat  80  feet  deep, 
and  situated  in  the  lower  beds  of  the  Upper  Barlington. 
From  the  bottom  of  this  shaft  upward,  there  is  an  ore-body 
with  a  vertical  face  of  about  25  feet.  Drifts  have  been  ex- 
tended in  different  directions,  and  indicate  a  total  width  of  the 
ore-body  of  over  35  feet,  no  wall-rock  having  been  found  on 
either  side.  The  course  of  the  vein  is  about  N.  20^  W.  Pros- 
pecting in  the  immediate  neighborhood  indicates  a  considerable 
extension  of  this  crevice.  The  ore-body  consists  of  a  coarse, 
rather  loosely  aggregated  breccia,  of  a  compact  chert  with 
bluish  clay  and  lead.  The  clay,  which  contains  the  lead,  fre- 
quently assumes  a  thin,  layerlike  deposit.  An  irregular  seam- 
like deposit  of  a  fine  pink  tallow  clay  forms  a  horizontal  layer 
about  12  feet  above  the  bottom  of  the  shaft.  Some  zinc  silicate 
and  blende  are  found  in  the  lower  layers  of  the  ore-body.  The 
ore  is  mainly  galena,  irregularly  disseminated  in  small  frag- 
ments or  crystals  through  the  loosely  aggregated  gangue.  The 
ore-body, where  exposed,  averaging  about  50%  of  ore,  is  worked 
with  great  ease,  requiring  but  little  blasting.  A  stream  of 
water  has  been  encountered  which  requires  a  very  strong  pump 
to  control.  The  capacity  of  the  mine,  in  the  spring  of  1895, 
was  about  3,000  lbs.  of  cleaned  lead  per  day.  The  total  output, 
as  near  as  could  be  learned,  was  about  200,000  pounds. 

THE  HOBNBBAK    DIGGINGS. 

These  mines  are  situated  in  Tp.  27,  E.  XIX  W.,  Sec.  36, 
Be.  i  of  Nw.  i,  and  furnish  an  excellent  opportunity  for  the 
study  of  a  mine  in  the  First  Magnesian  limestone  in  the  process 
of  being  worked.  These  are  but  a  portion  of  a  large  group  of 
mines  that  were  worked  many  years  ago.  They  are  situated  on 
the  western  slope  near  the  head  of  a  narrow  gorge  or  cannon, 
on  both  slopes  of  which  a  Urge  number  of  shafts  have  been 
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€ank.  The  barometer  gives  a  thickness  of  certainly  over  100 
feet  for  the  First  Magnesian,  if  the  doubtful  upper  bed  of 
laminated  ''  cotton  rock,"  the  probable  position  of  which  has 
been  discussed  in  the  chapter  on  Magnesian  Limestones,  is 
included.  At  the  main  shaft  in  the  Hornbeak  mines,  the  fol- 
lowing section  is  obtained : 

Feet. 
11.    Laminated  "cottoa  rock,"  the  doubtful  bed  discussed  under 

the  First  Magnesian 10 

10.    Blulsh-hlack  chert,  full  of  galena i 

9.    Oolitic  "cottonrock" 10 

8.    Black  chert,  with  galena i 

7.    Dark  brown,  compact  magnesian  limestone 8 

6.    *  'Sand  nint,"  sandstone  and  chert IH 

5 .    *  •  Cotton  rock  " 10 

4.  ' '  Spotted  cap,"  a  dark  grayish  mixture  of  blue  flint  and  slUcious 
magnesian  limestone,  the  latter  porous,  with  small  irregular 
cavities  filled  with  yellowish,  less  indurated  material,  the 
typical  First  Magnesian  of  the  northern  part  of  the  area. 

(Oneother  shaft,  lower  down  on  the  slope,  extends  con- 
siderably deeper  than  this  main  shaft,  and  from  it  may  be 
added  the  following  beds,  beside  those  already  given:) 

3.    Very  hard  sUlco-magnesian  limestone. . ..\ 10 

2.    Compact,   yellowish -gray,    magnesian  limestone,   with  moss 

markings  of  manganese  dl-oxlde s 

1.    Bluish  chalcedonic  filnt l 

According  to  barometric  readings ,  this  extends  down  to  about 
the  First  sandstone. 

In  all  the  mines  in  this  vicinity,  as  far  as  investigation  has 
gone,  the  ore  found  in  the  First  Magnesian  limestone  is  mainly 
galena,  though  a  little  zinc  silicate  has  been  found  in  the  Horn- 
beak  shaft.  Zinc  blende  is  confined  almost  wholly  to  the 
middle  and  lower  beds  of  the  Second  Magnesian.  The  ore- 
body  in  the  First  Magnesian,  rarely,  if  ever,  exceeds  15  feet  in 
width,  conforming  more  or  less  decidedly  to  particular  beds  in 
this  horizon.  The  first  run  of  mineral  is  always  found  near 
the  snr&ce,  and  results  from  the  segregation  of  materisU  from 
the  decomposed  superincumbent  beds.  The  early  mining  was 
almost  wholly  confined  to  such  deposits,  and  a  large  amount  of 
**drop"  or  *^float"  galena  has  been  obtained.  The  ''cotton-rock" 
and  silico-magnesian  limestone  are,  ordinarily,  more  or  less 
destitute  of  an  ore-body,  the  narrow  crevice  filled  with  ore 
passing  through  them.  This  accounts  for  the  abandoning  of 
many  tracts  to  the  north,  in  Webster  county  and  elsewhere, 
after  the  superficial  deposits  had  been  taken  out. 

In  the  Hornbeak  shaft,  beds  No.  2  and  No.  4  are  very  rich 
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in  ore.  In  these  flint  beds,  the  galena  has  penetrated  for  some 
distance  on  each  side  of  the  crevice  in  flat,  irregular  crystaline 
sheets,  varying  from  one-half  inch  to  over  an  inch  in  thickness, 
cementing  together  the  somewhat  flat,  shaly,  irregnlar  layers 
of  flint,  and  forming  a  very  pecaliar  breccia.  The  next  run  of 
mineral  is  in  bed  No.  8,  what  the  miners  call  the  "  spotted 
cap."  The  porous  nature  of  this  rock,  and  its  brittleness,  all 
tend  to  form  favorable  conditions  for  the  deposition  of  ore ; 
and  in  this  bed,  in  cracks  and  crevices  extending  from  the  ore- 
body  some  little  distance  on  each  side,  and  immediately  below 
it,  is  found  one  of  the  valuable  runs  of  mineral.  The  last  rich 
deposit  is  usually  immediately  above  the  First  sandstone,  in 
what  the  miners  term  a  *'  clay  opening,"  this  representing  the 
unconformity  between  this  horizon  and  the  flrst  sandstone  re- 
ferred to  in  the  chapter  on  the  First  Magnesian  limestones. 
There  is  very  little  gangue  associated  with  the  ores  in  this  hori- 
zon, and  only  a  little  calcite.  Some  fine  specimens  of  Btrapa- 
rollus  have  been  found  in  the  *^  spotted  cap  "  bed  in  this  camp. 
The  course  of  the  fissure  is  N.  18  deg.  W. 

These  mines  were  discovered  in  1854  or  1855,  by  Mr.  B. 
y.  Purdom,  if  the  information  given  is  correct,  and  Mr.  Horn- 
beak  estimates  that  over  100,000  lbs.  of  lead,  and  but  very  little 
zinc,  has  been  taken  from  the  shafts  in  this  camp. 

FAIB  GBOYB  MINBS. 

Bull  WinJcle  Diggings.  None  of  the  mines  of  the  lowest 
ore  horizon,  the  Second  Magnesian  are  at  present  worked  in 
this  area.  The  most  reliable  information  has  been  obtained 
respecting  the  Bull  Winkle  or  Bass  mine,  in  Tp.  31,  B.  XXI 
W.,  Sec.  25,  Nw.  i  of  Se.  i,  and  a  brief  description  of  this 
mine  will  be  given,  not  because  of  its  productiveness,  but  be- 
cause it  is  a  good  type  of  one  of  the  worthless  deposits  in  the 
northern  half  of  the  district.  Ore  was  first  discovered  at  this 
point  about  1873,  in  the  gravel  of  a  small  gully.  Messrs.  Ap- 
pleby, Bechtell  and  Farce,  of  Springfield,  commenced  work 
here  in  September,  1890.  In  their  first  shaft,  the  first  residual 
deposit  of  ore  was  found  near  the  surface  imbedded  in  clay. 
The  Second  Magnesian  limestone,  forming  the  wall-rock  of  the 
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crevice,  was  struck  at  a  depth  of  8  feet.  The  crevice  had  a 
course  of  JS.  40  deg.  W.,  and  varied  from  a  few  inches  to  IS 
inches  in  width.  The  walls  of  the  crevice  were  coated  with 
flatened  crystals  of  lead,  and  the  ore-body  contained  dissemi- 
nated or.e  with  but  little  calcite.  This  shaft  was  sank  to  a 
depth  of  24  feet.  Their  deepest  shaft,  after  sinking  to  a  depth 
of  30  feet,  was  drilled  105  feet  fnrther,  passing  through  '^  cotton 
rock  "  and  flint,  all  in  the  Second  Magnesian  limestone.  The 
shafts  were  started  in  the  upper  beds  of  this  formation.  About 
1,200  lbs.  of  lead  ore  have  been  taken  from  these  mines. 

In  Webster  county,  especially  in  Panther  Valley,  the  min- 
ing done  in  the  Second  Magnesian  within  this  area  was  quite 
extensive  in  early  days.  Large  tracts  in  that  vicinity  are  now 
covered  with  abandoned  dumps  and  halffilled  shallow  pits. 
Zinc  blende  was  then  considered  worthless,  and  when  the 
galena,  which  is  confined  to  the  upper  portion  of  the  Second 
Magnesian  was  exhausted,  the  mines  were  abandoned.  The 
remains  of  an  old  smelter  can  still  be  seen  in  Panther  Valley, 
on  the  farm  of  Mr.  Oliver  Ewing,  in  Tp.  29,  B.  XIX,  Sec.  34, 
Nw.  i.  The  old  boarding-house  put  up  for  the  workers  in  the 
mines  is  still  standing  on  the  farm  of  Wm.  Gates,  in  Tp.  28,  B» 
XIX  W.,  Sec.  3.  Spasmodic  attempts  have  been  made  at 
various  points,  during  the  past  few  years,  to  reopen  these  mines 
for  zinc,  but  lack  of  capital,  and  proper  pumping  facilities,  as 
well  as  diflBcuIties  of  transportation,  have  prevented  any  good 
results. 

MINOB  MINES. 

In  addition  to  the  mines  already  described  there  are  a  num- 
ber of  localities  where  ore  has  been  found  and  some  prospecting 
has  been  done,  resulting  in  the  production  of  a  few  hundred 
pounds  of  galena.  These  diggings  are  mostly  a  few  miles  east 
of  Ash  Grove  and  north  of  Bois  d'Arc,  on  Olear  creek.  In 
the  neighborhood  of  Graydon  Springs,  also,  a  few  pits  have 
been  dug,  from  which  *'  float ''  lead  has  been  obtained. 

A  list  of  locations  at  which  lead  and  zinc  ores  have  been 
mined  or  found  within  the  area  is  here  given.  It  has  been  the 
endeavor  to  give  all  authentic  information,  so  far  as  obtainable* 
o— 13 
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Name  of  mine  or  owner. 


County. 


Section,  township 
and  range. 


1 

a 

B 
4 

6 
6 
7 
8 
9 
10 
11 

13 
IS 
14 
IR 
16 
17 
18 
19 
20 


Uenry  Sherman 
Wm.  Gates.  ... 


Old  Lonke  Diggings  (Devil's  Den) 


Harper  Mine  . . 
Oliver  Bwlng . . 
F.  M.  Johnson. 

T.  McClelland . 


T.  8.  Florence.. 
Mrs.  Welch's... 
Panther  Vallej, 


C.  H.  Welch 

Northvlew  Mining  Co 

Bodenhelmer  Mound  . 

Dr.  K.  T.  Roberson  .  . 

B.  F.  Spencer 

31 1  Moore 

33   4obnHornbeck 


38 
34 
35 
36 
27 
3^ 
39 
»0 
SI 
H2 
SS 
M 


Purdom  Diggings 
QurkhartACo  ... 

O'Haver 

Hard  Scrabble... 
McGregor  Shaft . . 
l^alman  Mine 


« « 


Plummer  Shaft 

Ftnley  Creek  Mining  Co 

Talman  Shaft 

Bannister  Tract 

Klk  Valley  Diggings  .... 


Webster. 


Christian  (Swan  Cr.). 


«• 


(Flnley  creek) 
« « 


« « 


(Swan  creek) 


Se.,Ke.,Ne.,10,28, 19 

Nw.,3,38,19 

B.  i^8w.,8,  38,  19... 

Sw.  >^,8.38,  19 

Ne..Nw.,8.28. 19... 

38  and  24.  29, 19 

8e.,  Se.,  33.  29. 19  ... 
8w.,Nw.,34,29.  19.. 
Sw.,Nw..27,29, 19.. 
Ne..Ke..28,29, 19... 
9,39,19 

Middle.  4,  39.  19 

E.Vi  lot  8.,Kw.,4 .39.19 

33.39.19 

Nw..  1.39,  19 

5w.,18,  39,  19 

Xe.,Nw.,  26,30,  19.. 
Nw.,  8w.,9.  30.  19.. 

Nw.,19,  80.  19 

Sw.,  16,80,  19 

Sw.,  Se.,  15.  30, 19... 
Se.,Xw  ,36.  37,  19  .. 

Ne..Sw.,86,  37,  19  .. 

Xw.,86,  37,  19 

Se.,  Nw.  35,37, 19... 
Nw..Nw.,86,  37,  19. 
X  W. ,  Se. ,  96,  27,  19  .  ■ 
Ne.,Nw.,  7,37,19... 

Se.,6.  37,  19 

Se.,  Sw.,  10.37,  19... 
Xw.,Ne.,  15,37,  19.. 
Ne  ,  Ne  ,  13,  37.  20. . . 
Xw.,  Sw.,  Se.,  36,37. 21 


(Klk  Valley) . .  S**.  Ne.X)^,8e,33,37.31 
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Condition. 


Geological  horizon. 


Prospect . . . 
Abandoned. 

Prospect . . . 

(t 

•  •  * 

■  •  •  • 

AlNindoned. 

c  « 

I  ( 

I I 

Prospect . . . 


Worked 


Burlington 

Second  Magneslan 


( ( 


(« 


«  c 


«  « 


I  ( 


(« 


I  ( 


«  c 


First  Magneslan 


« t 


«i 


Second  Magneslan 


« ( 


Second  Mag.    ? 
First  Magneslan 


1 1 


( ( 


•  ( 


. . .  Second  Magneslan 


First  Magneslun... 


Abandoned. 


1 1 


1 1 


I  ( 


« I 


Burlington 

First  Magneslan. 


Course  of 
crevice. 


N.. 
N.. 
N.. 
N.. 


20°  W. 
20°  W. 
20°  W. 

aoo  w. 


20°  W. 


•  •«•••      •  I 


N.. 
N., 


38°  W. 
20°  W 


N.. 


70°  B. 


N.,82°  W. 


N..18°  W. 

N..18°  W. 


N.,20°  W. 


First  Magneslan...  N.,20°W. 


Not  worked 


Production. 


Lead  prospect 

Large  amount  galena. 


•  I 


Prospect 


( I 


Large  amount  galena. 

lead  &  zinc 

lead 

( *       lead  A  zinc 

Small  am't  (1.000  lbs.) 
lead  and  zinc 


Prospect 


( « 


«  c 


I « 


Prospect 


C  ( 


100,000  lbs.  lead;  little 
zinc 


•  «  •  t  •  « 


Cherokee N 

N.26°,28°W.... 


800.000  lbs.  lead. 
60,000  lbs.  lead.. 
100.000  lbs.  lead 
50,000 lbs.  lead.. 

Worthless 

Prospect  


( » 


2.000  lbs.  lead 


100,000  lbs  lead,  80  000 
lbs,  zlncsll 


Date  of 
discovery 


1889 
1888 
1888 
1860 


1878 
1886 
1846 
1846 

1860 


1891 
1891 

1854-5 
1854-6 


1856-6 


1891 


1888 
1890 


196 


GEOLOGY  OF  GBBBNB   OOUNTY. 


2: 
o 


85 
36 
37 
38 
39 
40 
41 
42 

43 


Name  of  mine  or  owner. 


County. 


Section,  township 
and  range. 


Cowlick  Dakota 

M.  D.  Williams...... 

Reynold's  Shaft 

John  Bay 

Wommack  Prospect 
Dlshman         *  * 
Wommack 
Phelps  Mines 


< « 


■  •  ■  ■  ' 


Suffolk  Mine 


44   Nathalie  Mine 


45 
46 
47 
48 
49 
50 
51 
52 
53 


B.  M.  Jones  (Fairbanks) 
Appleby  &  Rutherford. . . 


Lewis  McAdam  Prospect. 


Smalstlg 


Christian  (Elk  Valley) 
(Republic).... 


i  I 


t  < 


Webster. 


c  « 


Greene 


54  A.  P.  Harwood 

55  Potter  Mines 

56  Armstrong  Mines 

57  Nixon  Mines 

5S   J.  R.  Williams 

59  Deputy  Mines 

60  Wilson  Creek  and  Greene's  Mines 

61  J.B.Lawrence    

62  Ball  Prospect 

63  X.P.Grler 

€4  ,  Dr.  Roberson  Prospect 

63   Jos.  H.  Cash. 

66  !  Dr.  Cowden  Shaft 

67  I  Ball  Wlnke  Shaft 

6S  '  Kyle  A  Dawson 


I 


It 


4 « 


i  c 


« t 


«  c 


Nw.  33,27.21 

Se. 20, 27, 23 

Nw.,  Sw.,  Sw.,  7,27,23 
Sw..Ne.,8,  27,23  .  . 
Nw.,Nw.,  17,30,  19. 
8w.,Nw.,  18.30,  19.. 
N.  I2,  8e..  8,30,  19... 
Nw.  andNe..l,28,20 


Sw.,36,  29,20 

Sw.,  Ne.,  35,  29  20. 


(Strafford) 

(N.  Springfield) 


II 


Center,  13,  29,20 

8e.cor.,Sw.,Sw.,6,29,21 

Ne.,6,  29,  21  

Near  N.  line,  4,  29,  21 

(Strafford) 1 14,  29,  20 

(James  Fork)..:  Sw.,  15.  28,  21 

(BolsD'Arc)  ...|Nw  .  Sw.,  31,  29,  22.. 

Nw.,  Sw.,  32,  29,  23.. 

Se . ,  Se . ,  32 ,  29 ,  23 .... 

Ne..Ne.,2,  28.  23... 

Se.,  Se.,  2,  28,  23 

Ne.,Ne.,ll,28,  23... 

S.  S'.Ne.,  11,28.  23.. 

Se.,  Nw.,  Se.,  14,  28,  23 

Middle,  W.^,  12, 28, 23 

N.  ^,Se.,Sw.,22,28,23 
(Springfield) . . . i  Sw.  cor. ,  22,  29, 22. . . 

(N.  Springfield)-  Nw.  cor. ,  4,  29.  21 . . . 

I 

(Strafford) Se.,  Ne.,  Ne.,  24,  80,  20 

,  Ne..24,  30,  20 

(Fair  Grove)...  Sw.Nw.,  Se.,32,  81,  21 

•  *  ....   Nw. ,  Se  ,  29,  81.  20  . . 

...     Se.,Nw.,  Se.,25,31,21 

(BolsD'Arc)...  Ne.,  Nw.,82,  30,  23  . 


1 1 
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Condition. 


Geological  horizon. 


Coarse  of 
crevice. 


Production. 


Abandoned. 


Prospect 


I « 


Date  of 
discovery 


N.  26°.28°  W..  ... 


« « 


Not  worked 


Worked  . 


t  < 


•Prospect 


Second  Magneslan 
First  Sandstone  . . . 
Second  Magneslan 
V.8h..i8t&2dMag. 


«i 


Yermlc.  shale 


Burlington . 
Cherokee... 


"Not  worked 

c  « 

Worked  .  . . 
Prospect . . . 
Not  worked 

Prospect , 


« ( 


Burlington    ?    .... 


I  • 


Cherokee. 


( « 


•  < 


I « 


I  ( 


•     ■••••« 


«< 


CI 


Small  am't  lead  &  zinc 

Blende 

**Shlnes'* 


N.,28°N.,36°W. 

N.,28°N.,86°W° 
N.,36°  W 


Ne.     ? 
Nw.     ? 
N..35°E 


•  •  •  ■ 


First  Magneslan 


« « 


t « 


V.  Sh.  ft  First  Mag. 

Second  Magneslan 
•  •  • « 

I  Cherokee 


N..40'>  W. 
N.,20°B.. 


Prospect 
Float . . . 
Prospect 


283,000  lbs.  lead,  1,104, 
000  of  blende 


25,000  lbs.  blende 


3,900,000 lbs.  zinc,  430, 
000  lbs.  pb 


Prospect 


I « 


« I 


load.. 

Shines 

Prospect 

Lead  prospect 


•     ■••••• 


Lead  In  a  well 

800,000  lbs.  lead 

80,000  lbs.  lead 

Large  amount  silicate 

Galena  In  well 

Drybone  and  silicate . 

Galena  and  blende 

Galena 


Zinc  carbonate 

Disseminated  galena. 

Shines  of  galena 

1,200  lbs.  lead 

About  HOO  lbs .  lead . . . . 


. ..  ? 
1890 
1890 


1886 


1891 
1891 
1890 


1885  ? 


1890 


1885 
1878 
1875 
187? 


1884 


t    1846 

1890 

About  1878 

1890 
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60 
70 
71 
72 
78 
74 
75 
76 
77 
78 
79 
80 


Name  of  miner  or  owner. 


Jesse  Oolter 

G.  W  Long 

G.  B,  Kyle 

Mrs.  Treadham's . 
John  W.  Mitchell . 

Dr.  Miller 

W.  H.  Vestal , 


Baumgarten 

Unknown  diggings 


County. 


Greene  (Boisde  Arc... 


« « 


<  t 


«( 


Polk  (Graydon  Spr.) 


( I 


Greene  (Burkly) 

Polk 

Greene  ( Willard) 

•*       (Bois  D*Arc).. 

Webster 

Greene  (Bois  D'Arc).. 


Section,  township 
and  range. 

Nw..  8e.,33.30,  23  .. 
Se.,Nw.,Ne.,  31.  80,2a 
Ne..Sw.,  Se.,29,80.28 
8w..  Nw.,8.31.23... 

1,31.23 

81.32,23 

Se.,  Sw.,  Se.,  4,  80,  23. 

Ne.,  8,  31,28 

Se.  .»4^27.  80.  22 

Nw.,  Se.,  80,  28 

Lot7,Ne.  14.6,29,  19. 
Nw.,  Se.,  21,80.  28  .. 


*Old  Indian  mines,  discovered  by  Schoolcraft  1819. 

tBedell's 

X  Very  old  mines,  and  remains  of  smelter. 

§Very  old;  remains  of  numerous  shafts. 
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Condition. 

Geological  horizon. 

Coarse  of 
crevice. 

Production. 

Date  of 
discovery 

Coal  Measure 

Dlssem.  lead  and  zinc 
1 «               ft 

Float  lead 

1891 

■  •  • 

«  •  • 

Cherokee 

1887 

«( 

Secodd  Magneslan 

(  c 

tf 

«( 

Cherokee 

Dlssem.  lead  and  zinc 
Shines 

1891 

1891 

Old  mines.. 

Cherokee 

1  ( 

Old  shafts 

t 

1 « 

f  c 

Very  old. 

Prospect . . . 
Old  mines.. 

4  ( 

Galena  In  traces 

Probably  for  Galena. . 

1885 

(  « 
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and  the  most  beaatifal  of  the  building  stones  of  this  region. 
Usually,  when  free  from  chert  the  beds  are  very  massive,  and 
the  blocks  that  are  obtainable  are  limited  in  size  only  by  the 
ability  to  handle  them.  The  coarse,  subcrystalline  structure, 
the  homogeneity  of  texture,  and  parity  of  composition  of  the 
middle  beds  make  thcrook  an  unusually  fine  stone  for  all  con- 
structional purposes.  Ordinarily,  only  a  bush-hammer  dressing 
is  necessary.  The  Drury  Oollege  chappel,  St.  John's  Episcopal 
church,  and  the  foundation  walls  of  the  new  government  build- 
ing, as  well  as  the  beautiful  stone  wall  of  the  Confederate 
cemetry,  in  Springfield,  are  good  examples  of  the  fine  appear- 
ance which  this  rock  presents  in  use. 

The  principal  quarries  are  in  and  about  Springfield,  but 
there  are  also  numerous  small  openings.  Many  small  quarries 
are  also  scattered  through  the  county,  but  they  are  only  worked 
rougl^ly  for  lime  and  foundation  rock.  Systematic  quarrying 
on  a  large  scale  has  yet  been  carried  on  at  only  one  place  in 
the  district,  and  this  is  at  Phoenix. 

Phcenix  Quarries,  These  quarries  are  located  near  the 
town  of  Phoenix,  in  the  northwestern  part  of  the  county. 
They  were  opened  in  1888,  in  the  middle  of  the  Upper  Burling- 
ton limestone.  The  plant  is  excellently  equipped  for  working, 
handling  and  sawing  blocks  of  all  sizes.  The  quarrying  capacity 
is  800  cubic  feet  a  day.  The  beds  at  this  point  are  remarkably 
isompact  and  close-grained  for  this  formation,  and  as  they  are 
worked  only  by  sawing,  the  jar  and  strain  produced  by  blast- 
ing, is  avoided.  The  crushing  test  of  this  rock,  determined  by 
experts,  employed  by  the  company,  is  from  8,000  to  10,000 
pounds.  The  compactness  of  the  rock  also  insures  great  pro- 
tection from  weathering;  The  presence  of  the  suture- joint,  or 
"  crow-foot,"  which  is  common  in  all  beds  of  the  Upper  Burl- 
ington limestone  of  this  region  is  neither  a  blemish  nor  a 
detrimental  factor  as  experiments  have  shown  that  specimens 
containing  the  suture-joint  give  a  high  resistance  to  crushing. 
The  uniform  weight  of  this  rock  is  remarkable,  varying  but  a 
pound  or  two  from  164  pounds  to  the  cubic  foot.  There  is 
practically  an  unlimited  supply  of  rock  at  the  point  at  which 
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the  qaarrief!  are  developed.  The  shipments  of  stone  for  the 
past  two  years  have  been  about  65,000  cubic  feet.  Preparation 
is  being  made  to  increase  the  output  to  100,000  cubic  feet  for 
the  current  year.  This  stone  has  been  used  to  a  considerable 
extent  in  Kansas  Oity,  St.  Louis,  Springfield  and  various  points 
in  Kansas,  Arkansas,  Texas  and  Tennessee.  It  has  been  mainly 
used  for  trimming,  range  work,  sills,  steps,  flagging,  bridge 
piers  and  general  building  purposes.  It  is  susceptible  of  a  fine 
polish,  and  is  a  handsome  and  valuable  stone. 

Brookman  Quarry,  This  quarry  is  located  about  seven 
miles  northwest  of  Springfield.  It  is  opened  in  the  heavy 
middle  beds  of  the  Upper  Burlington  limestone.  A  switch  of 
the  Bolivar  branch  of  the  St.  Louis  and  San  Francisco  railroad 
could  easily  be  run  to  this  quarry  for  the  transportation  ot  its 
output. 

Ash  Orove  White  Lime  Association  Quarry.  The  quarry ,. 
located  near  the  same  company's  lime  works  at  Ash  Grove,  is 
one  of  the  finest  undeveloped  properties  in  the  state.  A  ledge 
700  feet  long,  from  22  to  25  feet  thick,  without  horizontal,  and 
with  few  vertical  seams  has  been  exposed.  At  present,  the 
rock  is  used  only  for  the  manufacture  of  lime,  but  it  would  be 
of  the  highest  value  for  the  production  of  dimension  stone. 

Lower  Burlington  Limestone.  The  layers  of  this  formation 
are  hard,  rather  irregularly  bedded  and  often  contain  consider* 
able  chert.  No  quarries  are  opened  in  it,  but  it  is  often  used 
locally  when  other  stone  cannot  be  as  readily  obtained. 

Chouteau  Limestone,  This  stone  deserves  a  much  wider 
use  than  it  now  has.  Its  beautiful  buff  color,  the  uniform' 
thickness  of  the  beds,  its  durability  and  the  ease  with  which 
it  may  be  quarried  and  dressed,  together  with  its  wide  distri- 
bution, render  it  most  desirable  as  a  building  stone.  The  pil* 
lars  of  the  Court  House  at  Springfield  are  made  of  this  stone, 
and  though  scratched  and  marred,  they  are  still  good  examples- 
ot  the  power  of  this  stone  to  withstand  the  tests  of  time. 

Hannihal  Limestone.  Outcrops  of  this  rock  occur  in  many^ 
places  throughout  the  northeastern  and  southeastern  portions 
of  the  area.    The  stone  appears  to  be  a  very  much  hardened 
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variety  of  the  shales  which  are  fonnd  above  them.  The  output 
from  several  well  established  quarries  is  widely  utilized  in 
Springfield,  for  curbing,  heavy  flagging  and  cross-walks.  The 
formation  is  nowhere  very  thick.  The  beds  vary  from  two 
inches  to  one  foot,  averaging  four  to  eight  inches  in  thickness. 
The  upper  beds  merge  insensibly  into  the  softer  shales.  All 
of  them  have  a  more  or  less  bluish-green  cast,  and  are  fre- 
quently covered  with  immense  roots  and  stems  of  fucoids. 

Oilmore  Quarry.  This  opening  is  located  at  the  Oil  more 
mUl,  on  the  east  bank  of  the  Finley  river  ( Tp.  27  N.,  B.  XXII 
W.,  Sec.  36  Ne.  qr.).  Under  a  few  feet  of  Ohouteau  rock  are 
ten  feet  of  this  thin-bedded  limestone.  The  output,  which  is 
used  for  heaivy  flagging  and  curbing,  is  hauled  by  teams  to 
Springfield. 

Holman  Quarry  is  situated  six  miles  northeast  of  Spring- 
field (Tp.  30  N.,  R.  XXI  W.,  Sec.  23  Ne.  qr.  of  Nw.  qr.),in  the 
bed  of  the  river.  The  face  has  a  thickness  of  about  20  feet, 
and  the  layers  are  easily  worked.  The  rock  is  mottled,  rather 
shaly,  and  irregular,  having  a  greenish  coating  on  a  bluish 
ground,  and  the  slabs  are  extensively  used  in  Springfield  for 
sidewalks,  curbing  and  crossings.  This  quarry  was  opened  in 
1889,  and  has  been  worked  almost  continuously.  It  has  six 
workable  ledges,  varying  in  thickness  from  four  to  six  inches. 
The  ledges  now  exposed  cover  about  two  acres.  It  has  a  wide 
use,  in  the  city  of  Springfield,  and  especially  in  St.  Louis,  where 
a  considerable  amount  is  sent  for  curbing.  It  is  supplied  in 
Springfield  at  the  following  rates :  for  curbing,  50  cents  a  run- 
ning foot;  for  flagging,  from  25  to  45  cents  a  square  foot. 
Poorer  grades  are  put  down  as  street  crossings  at  12  cents  a 
square  foot. 

The  M.  J7.  Soulhworth  Stone  Company  have  recently  pur- 
chased the  Johnson  quarry,  situated  on  the  south  side  of  the 
Finley,  in  Tp.  27,  R.  XX  W.,  Sec.  15,  Ne.  i  of  Ne.  i.  This 
quarry  was  opened  in  the  fall  of  1890,  and  is  the  best  bed  yet 
seen  in  this  formation.  The  rock  is  finegrained,  compact,  hard, 
and  breaks  with  a  splintery,  conchoidal  fracture.  It  is  in  beds 
varying  from  three  inches  to  one  foot  in  thickness,  and  some- 
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what  resembles  the  Burlington  in  color  and  textnre.  In  this 
quarry  are  nine  curbing  ledges,  averaging  seven  inches  in  thick- 
ness, and  the  stone  from  these  is  laid  down  in  Springfield  at 
fifty  cents  a  square  foot.  One  flagging  ledge,  three  inches 
thick,  is  placed  in  Springfield  at  twenty-five  cents  a  foot.  The 
beds  of  this  quarry  have  an  aggregate  thickness  of  from  10  to 
12  feet,  underlying  10  inches  of  Ohouteau,  the  minimum  thick- 
ness of  this  last  formation  in  this  area. 

The  Cramer  Quarry  is  located  about  three  miles  north  of 
the  Southworth  quarry,  Tp.  27,  B.  XX,  Sec.  11,  Se.  i,  about 
one-half  mile  from  the  Finley,  and  in  the  Vermicular  limestone. 
It  contains  about  15  feet  of  workable  ledges,  and  the  owner 
states  that  the  flagging  can  be  placed  in  Springfield  at  a  cost  of 
about  18  cents  a  square  foot. 

Of  the  Webster  beds,  the  Sac  limestone,  where  thick 
enough  and  free  from  pyrites,  would  make  a  most  beautiful 
stone  for  architectural  purposes.  It  contains  enough  silica  to 
make  it  susceptible  of  a  fair  polish,  and  is  but  another  evidence 
of  the  undeveloped  resources  in  which  Missouri  abounds. 

Sao  Limestone.  Where  thick  enough  and  free  from  pyrites 
this  rock  would  make  a  beautiful  stone  for  architectural  pur- 
poses.   It  is  susceptible  of  a  fair  polish. 

Silurian  Limestones.  While  widespread  and  possessing  all 
the  advantages  of  the  dolomitic  rocks  as  regards  fineness  of 
structure,  beauty  and  great  durability,  these  rocks  have  been 
almost  wholly  neglected.  Except  in  the  extreme  southeastern 
portion  of  the  district,  the  beds  of  the  First  Magnesian  layers 
are  worthless  for  building  purposes,  being  too  silicioas  and 
irregularly  bedded  to  render  it  ever  possible  to  utilize  them. 

The  middle  beds  of  the  Second  Magnesian,  however,  fre- 
quently possess  all  the  qualifications  requisite  for  a  good  quarry 
rock.  It  is  the  compact,  fine-grained,  white,  and  heavily  bedded 
stone,  called  "cotton-rock,"  and  while  soft  when  first  quarried, 
hardens  with  time  and  exposure. 

Oae  of  the  handsomest  building  stones  in  all  the  territory 
is  a  beautiful  dolomitic  limestone,  obtained  from  a  small  quarry 
in  the  Third  Magnesian,  which  is  located  three  miles  northeast 
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of  Fair  Grove  (Tp.  3L  N.,  B.  XX  W.,  Sec.  15),  on  the  sonth 
side  of  the  Pomme  de  Terre  river.  On  the  Adams  place  a  large 
two-story  boase  was  coastracted  entirely  from  stone  obtained 
in  this  qaarry.  It  is  a  beaatifal  white,  compact,  fine-grained 
rock  of  homogeneous  textare,  and  at  a  little  distance  resembles 
marble. 

The  remarkable  darability  of  the  dolomitic  rocks  is  well 
exhibited  in  the  tombstones  in  the  old  cemetry  in  the  M.  E. 
charch-yard,  in  the  sontheastern  corner  of  Polk  county,  and 
four  miles  northwest  of  Fair  Grove  ( Tp.  41  N.,  E.  XXI  W., 
Sec.  12).  A  namber  of  the  stones  date  back  to  1840,  and  the 
iQScriptions  are  as  legible  to-day  as  when  first  carved.  Time 
and  weather  have  served  only  to  harden  the  stones. 

OBNAMBNTAL  STONBS. 

Aside  from  certain  of  the  layers  of  the  stones  already 
mentioned  that  are  susceptible  of  taking  a  high  polish,  and  that 
are  adapted  to  other  purposes  than  the  rough  constructional 
uses  to  which  they  are  now  put,  there  is  the  onyx  or  cave  marble. 
It  is  chiefly  a  stalagmi tic  formation  occurring  in  caverns.  There 
are  large  deposits  in  the  caves  of  the  district,  and  especially 
in  Ohrifltian  county,  but  the  stone  often  contains  flaws  and  such 
other  irregularities  as  would  make  it  unfit  for  ornamental  pur- 
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poses.  It  is  possible  that  when  these  deposits  are  more  fully 
explored,  more  compact  masses  may  be  found.  Some  samples 
on  exhibition  at  the  Springfield  mining  bureau  are  very  hand- 
some, and  were  they  perfect,  would  equal  the  so-called  Mexi- 
can onyx  in  richness  of  coloring  and  marking.  The  develop- 
ment of  these  beds  would  doubtless  lead  to  the  establishment 
of  a  profitable  industry. 

LIMB. 

The  manufacture  of  lime  is  fast  becoming  a  large  and  im- 
portant industry  in  Missouri,  the  state  ranking  seventh  in  the 
United  States  in  1889,  when  the  value  of  the  production  was 
nearly  $400,000,  the  product  of  Greene  county  exceeding  that 
of  any  other  county  in  the  state.    Up  to  1867,  all  the  lime 
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manafactared  in  soathern  Missoari  was  prepared  in  the  radest 
manner.  Log  heaps  were  built,  and  rongh  blocks  of  limestone 
were  thrown  apon  them  to  be  barned  in  the  simplest  way,  or 
rough  stone  walls  sufficient  to  support  and  retain  the  rock 
were  built,  and  the  lime  was  burned  in  these  temporary  kilns. 
Such  structures  as  these  are  scattered  throughout  the  county, 
notably  at  the  following  points :  on  the  bluff  at  the  Pierson 
creek  mines,  near  the  Ingram  mill ;  at  the  ford  north  of  Doling 
park,  Springfield  ;  east  of  Ebenezer  and  at  the  Patterson  place 
north  of  the  Public  square,  in  Springfield,  near  the  present  in- 
tersection of  Water  and  Boonville  streets. 

The  first  introduction  of  modern  methods  of  manufacture 
was  by  the  Ash  Grove  White  Lime  Association.  The  company 
now  largely  controls  the  trade  of  the  southwest,  shipping  to 
Kansas,  Texas,  Colorado,  and  even  to  the  Pacific  coast.  A 
history  of  this  company  is  essentially  a  history  of  the  develop- 
ment of  the  lime  industry  in  southwestern  Missouri. 

From  a  comuiercial  stand-point,  the  manufacture  of  lime 
in  southwestern  Missouri  was  started  at  Peirce  Oity,  in  1872, 
by  J.  H.  Barton,  who  is  now  secretary  and  manager  of  the  Ash 
Orove  White  Lime  Association.  He  built  one  kiln  at  this  point. 
The  pioneer  industry  had  all  the  business  that  it  could  do,  the 
product  being  shipped  to  all  points  on  the  St.  Louis  and  San 
Francisco  railroad,  even  as  far  as  Texas.  The  rock  used  for 
the  manufacture  of  lime  at  this  and  all  points  in  southwestern 
Missouri  is  obtained  from  the  Upper  Burlington  limestone, 
mainly  the  middle  beds,  which  are  very  pure,  and  which  burn 
into  a  superior  quality  of  white  lime.  In  1887,  Mr.  Barton  sold 
his  kiln  to  0.  A.  Eaupp,  who  added  one  kiln,  and  has  thus  con- 
ducted the  business  up  to  the  present  time,  1896.  In  1884,  at 
the  beginning  of  the  rapid  development  of  this  part  of  Mis- 
souri, the  demand  for  lime  exceeded  the  supply,  and  the  busi- 
ness became  so  profitable  that  a  number  of  new  companies 
were  organized.  J.  Wilson  and  P.  J.  Lehnhard  built  another 
plant  at  Peirce  Oity,  and  later  added  a  second  kiln,  which  was 
operated  for  several  years.  It  was  eventually  sold  to  Mr. 
Kaupp,  who  now  runs  all  four  kilns.    These  were  the  first 
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modern  oontinaons  draught  kilns  erected  in  the  soathwestern 
part  of  the  state.  In  1878  Oharles  Habb  and  W.  B.  Hill  bnilt 
two  kilns  at  Oarthage,  and  organized  the  *'  White  Star  Lime 
Works."  Later,  a  Mr.  Oarner  bnilt  two  kilns  at  this  place,  and 
operated  them  in  connection  with  a  stone  qnarry,  which  was 
the  first  introduction  of  the  dimension  stone  bnsiness  in  soath- 
west  Missouri.  The  Garner  company  soon  ceased  to  make 
lime,  and  confined  its  business  to  shipping  sawed  blocks  of 
limestone.  In  1883,  W.  B.  Meyers  built  two  kilns  at  Oarthage, 
which  are  still  in  operation. 

In  1880,  the  late  Gen.  G.  H.  Nettleton,  general  manager  of 
the  Kansas  Oity,  Fort  Scott  and  Gulf  railroad,  called  the  atten- 
tion of  Mr.  Barton  to  the  large  amount  and  fine  quality  of  lime- 
stone thrown  out  of  the  deep  cut  of  the  railroad  west  of  Ash 
Grove,  and  urged  the  importance  of  establishing  a  lime  plant 
on  the  line  of  this  road.  A  car  load  of  the  stone  was  shipped 
to  the  old  Burns  kiln,  at  Springfield,  and  burned  into  a  fine 
quality  of  white  lime.  Mr.  Barton  immediately  erected  two 
kilns  at  Ash  Grove,  and  the  following  year,  W.  B.  Hill,  of 
Oarthage,  became  associated  with  him.  Two  years  later  Barton 
and  Hill  organized  a  stock  company,  known  as  the  Ash  Grove 
White  Lime  Association,  which  now  runs  nine  kilns.  During 
the  past  winter  the  stacks  of  these  kilns  have  been  raised 
sixteen  feet,  giving  them  a  total  height  of  eighty-two  feet. 
The  old  round,  monitor  kilns  have  been  modified  into  square 
iron  kilns.  The  increased  elevation  of  the  stack  adds  materi- 
ally to  the  output  without  increasing  the  amount  of  fuel  con- 
sumed. The  largest  stack  holds  about  600  bushels  of  lime,  and 
lasts  from  six  to  eight  months  without  patching.  The  company 
consumes  thirty-six  cords  of  wood  a  day  when  running  full 
blast,  with  a  maximum  product  of  900  barrels  of  lime.  The 
average  output  is  700  barrels  per  day.  Twenty-five  men  are 
employed  at  the  kilns  and  twenty-three  in  the  barrel  factory. 
In  1886,  the  same  company  built  two  kilns  at  Everton,  which 
were  soon  increased  to  four,  and  it  also  operates  two  kilns  at 
Galloway. 
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In  1884,  MeBSFH.  Armstrong  and  Watts  erected  a  kiln  at 
Galloway,  bat  the  business  proving  nnsncoessfal,  it  was  finally 
abandoned. 

Abont  1881,  P.  Magan  bnilt  a  kiln  outside  of  the  city  limits 
of  Springfield,  near  the  old  8t.  Louis  road.  This  was  operated 
for  several  years,  when  he  associated  himself  with  0.  B.  Hunt, 
and  built  two  kilns  at  Phoenix.  This  company  shipped  a  con- 
siderable amount  of  lime,  and  Mr.  Mugan  then  sold  his  interest 
to  the  Phoenix  Stone  and  Lime  company,  by  which  the  kilns 
are  still  operated  in  connection  with  the  dimension  stone 
quarry.  The  following  is  an  analysis  of  this  lime,  made  by  B. 
B.  Hunter,  of  Kansas  Uity : 

Per  cent. 

Lime 88.50 

Magneslan 343 

Alumina 10. 100 

Iron  oxide Trace. 

Undetermined  and  loss 1.067 

Tolal 100.000 

About  ten  years  ago  Hauck  and  Thomas,  of  Wichita,  Kan- 
sas, built  two  kilns  at  Sarcoxie,  operating  them  successfully  for 
several  years,  and  then  selling  them  to  the  Marblehead  Lime 
company  of  Ohicago,  which  has  recently  bought  out  the  Spring- 
field White  Lime  works.  About  the  same  time  that  these  kilns 
were  started,  Hinckley,  Hedges  and  Oo.,  bought  a  tract  of  land 
at  South  Greenfield,  erected  two  kilns,  and  also  opened  a 
dimension  stone  plant.  These  kilns  were  afterwards  leased  to 
the  Ash  Grove  White  Lime  Association,  and  have  not  been 
run  for  the  last  two  years. 

In  1884,  Mr.  James  H.  Smith  built  a  kiln  at  the  junction 
of  the  St.  Louis  and  San  Francisco  and  the  Kansas  Oity,  Fort 
Scott  and  Memphis  railroads,  in  Springfield,  and  sold  a  one-half 
interest  to  J.  G.  Schermerhorn.  Another  kiln  was  soon  added, 
when  Mr.  J.S.  Atkinson  purchased  an  interest,  and  the  Spring- 
field White  Lime  association  was  organized.  One  kiln  was 
added  in  1885  and  another  in  1886.  In  1894,  this  company  sold 
out  to  the  Marbehead  company,  of  Ohicago,  which  continue  the 
operation  of  the  plant  with  the  addition  of  two  new  kilns. 
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The  Barns  kiln  is  east  of  the  Springfield  White  Lime  plant. 
It  was  started  in  1875,  and  was  operated  nntil  1890.  Up  to 
1884,  one  kiln  supplied  all  the  demand  for  lime  in  Springfield 
and  vioinity. 

The  Mugan  kiln,  located  at  Walnnt  Grove,  and  is  still 
operated. 

The  Small  wood,  kiln  is  on  the  Clinton  branch  of  the  Kan- 
sas Oity,  Fort  Scott  and  Memphis  railroad,  near  Osceola,  but  is 
net  now  in  operation. 

The  following  table  gives  an  approximate  estimate  of  the 
yearly  output  of  the  principal  plants : 

Bbls. 

Ash  GroTe 130,000 

Springfield 72,000 

Everton 48,000 

Pelrce  City 40,000 

Phcenlx 40,000 

Carthage 30,000 

Galloway 24,000 

South  Greenneld 18.000 

Sarcoxle 14,000 

Walnut  Grove, 6,000 

One  barrel  cqualu  two  and  one-half  bushels  of  lime.  The 
price  of  lime  has  been  greatly  reduced  in  the  past  few  years 
by  competition  and  by  improved  methods  of  manufacture.  In 
Springfield,  in  1884,  it  sold  for  80  cents  a  barrel,  while  in  1896 
it  brought  55  cents.  The  average  price  in  southwest  Missouri, 
for  the  lime  alone  is  about  37^  cents,  the  cost  of  the  barrel 
varying  in  different  localities.  Fuel  varies  greatly  in  price.  At 
Springfield  the  average  cost  is  $2.25  a  cord ;  at  Ash  Grove, 
$1.75;  at  Galloway,  $L.65.  It  takes  about  two  cords  of  wood 
to  make  one  hundred  bushels  of  lime.  Two  things  are  neces- 
sary in  burning  lime ;  first,  intense  heat ;  and  second,  a  bright, 
far-reaching  flame  that  will  pass  up  the  kiln  and  circulate 
through  the  broken  rock.  To  produce  the  requirements,  ex- 
perience has  shown  that  black  oak  is,  by  far,  the  best  fuel,  well 
seasoned  elm  ranking  next,  hickory  being  very  poor  and  post- 
oak  poorest  of  all.  Goal  may  be  used,  but  it  does  not  make  a 
white  lime.    The  life  of  a  well-constructed  kiln  is  about  one 
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year.  No  fire  briok  has  been  found  that  will  stand  the  intense 
heat  of  the  kiln.  The  snrfaoe  presented  to  the  flame  con- 
stantly cracks  off,  flnxes  with  the  pare  lime  and  rans  off  as 
glass.  Experience  has  not  yet  demonstrated  the  proper  height 
for  the  kilns.  Increasing  the  height  of  the  stack  gives  greater 
draught,  more  heat,  and  enables  a  larger  amount  of  lime  to  be 
burned;  on  the  other  hand,  the  kiln  burns  out  more  rapidly, 
and  the  matter  resolves  itself  into  the  question  as  to  whether 
it  is  better  to  have  a  larger  amount  of  lime  at  the  expense  of 
the  kiln,  or  have  a  smaller  amount  of  lime  with  longer  service 
from  the  kiln.  The  experiment  of  the  Ash  Grove  White  Lime 
Association  in  increasing  the  height  of  the  stack  will  be 
watched  with  a  great  deal  of  interest.  The  territory  into 
which  manufactured  lime  in  southwestern  Missouri  is  sent  in-i 
eludes  the  following  states :  Missouri,  Iowa,  Nebraska,  Kan- 
sas, Oolorado,  Wyoming,  New  Mexico,  Indian  Territory,  Ar- 
kansas, Texas  and  Louisiana. 

BO  AD   MATBEIAL. 

Material  for  macadamizing  roads  is  readily  obtainable 
throughout  the  district.  The  limestone  and  chert  trom  the 
Upper  Burlington  limestone  has,  heretofore,  been  mainly  used 
for  this  purpose,  as  seen  in  the  Government  boulevard  between 
the  National  cemetry  and  the  city  of  Springfield,  and  on  Boon- 
ville  and  St.  Louis  streets  in  the  same  place.  A  great  mistake 
has  been  made  in  using  this  material,  as  it  is  so  soft  that  it 
rapidly  pulverizes,  and  forms  an  impalpable  dust  that  is  very 
disagreeable  in  dry  weather,  and  the  roads  are  also  quickly  cut 
through  by  heavy  teaming.  The  use  of  the  hard  Lower  Burl- 
ington limestone  and  chert  is  strongly  recommended  where 
macadamizing  is  to  be  done.  The  splendid  natural  ridge  roads 
on  the  Lower  Burlington  in  Ohristianand  Stone  counties  testify 
to  the  superior  qualities  of  the  limestone  and  chert  of  this 
formation  for  road-making  purposes. 

Cementing  Oravel.  Two  years  ago  a  fine  deposit  of  a  water- 
worn  gravel,  mixed  with  a  certain  propartion  of  cementing 
clay  was  found  just  west  of  the  switch  at  Gates  station,  on  the 
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Ohadwioh  branch  of  the  St.  Loais  and  San  Franoisoo  railroad, 
Tp.  28,  E.  XXI,  Sec.  20,  8w.  t.  This  is  probably  a  Tertiary 
deposit,  and  is  situated  at  an  altitade  of  aboat  40  feet  above 
the  James  river,  and  aboat  a  quarter  of  a  mile  away  trom  that 
stream.  The  bed  has  been  exposed  for  aboat  a  quarter  of  a 
mile  along  the  right  of  way  of  the  railroad,  and  the  road  run- 
ning south  from  Oates  indicates  its  extension  for  nearly  half  a 
mile  to  the  southeast.  There  seems  to  be  an  inexhaustible 
supply  of  this  gravel,  which  experiment  has  proved  to  be  the 
best  and  cheapest  macadamizing  material  accessible  to  the  city 
of  Springfield. 

GOAL. 

Greene  county  lies  just  beyond  the  limits  of  the  great 
Western  Interior  coal  field.  The  nearest  deposits  of  coal  which 
are  being  worked  at  the  present  time  are  situated  in  Dade 
county,  not  far  from  the  Greene  county  limits.  With  such 
close  proximity  to  workable  deposits,  it  would  be  expected 
that  outliers  of  .the  Goal  Measures,  and  even  workable  pockets 
of  coal  should  occur.  This  is,  in  fact,  the  case.  Although  in 
several  localities  coal  is  known  to  exist,  it  is  only  in  one  that 
it  is  pure  enough  to  be  of  value.  This  is  on  the  Kincaid  farm, 
about  one  and  one-half  miles  southeast  of  Brooklioe  ( Tp.  28 
N.,  B.  XXIII  W.,  Sec.  10,  Sw.  qr.).  This  deposit  is  situated 
in  a  much  tilted  ridge  of  sandstone.  A  shaft  sunk  to  the 
^epth  of  110  feet,  gave  the  following  section : 

Section  of  Kinoaid  Shaft. 

Feet. 
8.    Shale  and  sandstone 68 

7.  Shale,  dark,  with  few  tosslls 8 

6.  Coal 2Vi 

6.  Shale,  light  colored 12 

4.  Coal 2Vj 

3.  Shale,  black,  with  fossils ! 6 

2.  Rock,  Slllco  calcareous  "knotted  " 12 

1.  Goal,  covered  by  a  thin  layer  of  shale  (exposed) i 

The  seams  of  coal  are  greatly  inclined,  having  a  pitch  in 
places  of  45  degrees  N.  by  W.  But  little  drifting  has  been 
done.  Although  the  coal  of  the  middle  and  lower  veins  is 
^uite  pure,  making  an  excellent  grate  coal,  little  investigation 
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has  been  made  regarding  the  extent  of  the  beds.  Prospecting 
with  the  drill  would  demonstrate  the  extent  of  the  deposit, 
which,  if  large  enough  to  justify  working,  would  have  addi- 
tional value,  because  of  its  nearness  to  the  railroad  and  to  the 
city  of  Springfield. 

In  I860,  a  vein  of  less  than  two  feet  of  impure  coal  was 
discovered  in  two  shafts,  one-half  mile  southeast  of  the  Kincaid 
place,  on  the  Moore  farm,  Tp.  28,  B.  XXIII  W.,  Sec.  15,  Ne.  i 
of  Ne.  i.  It  is  near  the  southern  limit  of  the  sandstone  belt, 
and  the  carbonaceous  shale  is  still  seen  on  the  old  dumps. 
The  top  of  these  shafts  is  about  50  feet  below  that  of  the  Kin- 
caid shaft.  A  well  sunk  about  one-half  mile  east  passed 
through  137  feet  of  Upper  Burlington  limestone,  demonstrating 
the  abrupt  limits  of  the  coal  area  in  that  direction. 

At  Oampbell  station,  on  the  Kansas  Oity,  Ft.  Scott  and 
Memphis  railroad,  is  a  coal  pocket  which  covers  several  acres. 
It  was  discovered  in  digging  a  well,  which  is  49  feet  deep.  In 
this  well,  under  ten  feet  of  slate  and  shale,  very  thin  seams  of 
coal  are  found,  alternating  with  shale  and  gray  bituminous 
llmerock  until  bottom  is  reached.  The  deposit  is  too  impure 
to  be  utilized. 

OLATS. 

One  of  the  most  promising  of  the  future  industries  of  this 
region  is  the  development  of  the  fine  bodies  of  clay  and  day- 
shales  of  various  grades  found  within  the  limits  of  the  area. 
These  clays,  unlike  the  purer  kaolins  which  are  associated  with 
the  granitic  rocks,  are  all  secondary  residual  deposits  from  the 
denudation,  decomposition  and  segregation  of  different  forma- 
tions, but  they  are  mainly  derived  from  the  Goal  Measures, 
having  been,  originally,  the  cementing  material  of  the  sand- 
stones, and  probably,  to  a  degree,  of  the  limestones. 

Ohemical  composition  is  of  great  importance  in  the  utiliza- 
tion of  clay,  which  may  be  separated  into  its  proximate  con- 
stituents, such  as  kaolin  ( the  hydrous  silicate  of  alumina )  or 
clay  proper,  water,  sand,  mica,  lignite,  pyrites,  and  salts  of  lime 
and  potash.    All  but  the  kaolin  is  impurity,  and  may  be  absent 
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or  present  in  varying  proportions.  The  qaantitative  analyses 
of  these  clays  has  been  given  in  the  special  report  on  this  sub- 
ject recently  issaed  from  the  office  of  the  Survey,  by  Prof.  H. 
A.  Wheeler,  of  St.  Louis,  Mo. 

The  foreign  ingredients  of  clays  will  now  be  briefly  con- 
sidered, as  determining  the  value  of  the  deposits  of  this  area, 
in  order  to  facilitate  the  intelligent  discussion  of  these  de- 
posits. 

First,  water.  This  is  present  in  all  clays,  chemically  or 
physically  combined,  giving  the  important  physical  property  of 
plasticity,  although  it  is,  probably,  not  the  only  cause  of 
plasticity. 

Second,  quartz.  This  is  always  present,  and  varies  greatly 
in  amount,  ranging  from  one-fifth  of  one  per  cent,  to  as  high 
as  sixty  per  cent.,  averaging  about  five  per  cent,  in  the  best 
fire-clays. 

Third,  mica.  This  exists  in  minute  scales  or  flakes,  and  is 
mainly  confined  to  thin  layers  in  the  Goal  Measures  clays, 
though  not  always  found  in  them.  The  presence  of  mica  is 
quite  detrimental,  since  it  contains  sodium  and  potassium, 
salts  which  render  the  clay  more  fusible,  and  useless  for  fire 
brick. 

Fourth,  iron.  This  is  almost  a  universal  constituent,  and 
forms  the  coloring  matter  of  clays,  their  variegated  colors 
being  due  to  different  proportions  of  iron.  If  three  per  cent, 
or  more  is  present,  the  clay  loses  its  refractoriness,  and  cannot 
be  used  for  fire  brick. 

Fifth,  lignite.  This  is  fossil  vegetable  material,  and  is 
rarely,  if  ever,  present  in  clay  below  the  Goal  Measures.  In 
moderate  amounts  it  is  not  injurious,  and,  in  some  cases,  rather 
facilitates  burning,  rendering  the  product  somewhat  lighter 
colored. 

Sixth,  pyrites.  This  is  not  a  common  impurity.  When 
present,  it  is  usually  in  small  rounded  masses,  ^'sulphur  balls," 
and  these  are  usually  in  certain  levels  of  the  deposits.  It  is  a 
comparatively  easy  matter  to  separate  them  from  the  other 
levels.    If  present  in  minute  particles,  and  generally  distributed 
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throQgli  the  bed,  the  olay,  if  otherwise  valaable,  i.  e.,  rich  in- 
silicate  of  alnmina,  may  be  utilized  in  themanufactareof  alam. 
The  presence  of  pyrites  is  very  deleteribns,  as  it  promotes,  to 
a  high  degree,  the  fusibility  of  all  clays  in  which  it  is  found. 

Seventh,  limestone.  This  is  an  impurity  which,  in  burning, 
is  changed  to  calcium  oxide,  or  quick  lime,  and  this,  absorbing 
water,  would  cause  the  clay  to  slack.  Many  clays  could  be 
improved  by  washing  and  mixing  with  other  clays  having  de- 
sirable characteristics. 

The  important  physical  characteristics  of  clay  are  plasticity, 
density  and  fusibility.  The  iirst  is  a  fnndamentiA  quality,  the 
power  to  absorb  water,  which  renders  it  easily  molded  into  any 
desirable  shape.  When  dry  it  hardens,  and  becomes  like  stone 
when  baked,  and  the  plasticity  can  never  be  restored. 

Density  is  important  in  its  relation  to  the  various  uses  to 
which  clay  may  be  put,  the  denser  varieties  being  more  valuable 
for  fire-brick  and  household  utensils. 

The  relation  of  various  impurities  to  the  fusibility  of  claya 
has  already  been  briefly  mentioned. 

The  clay  deposits  of  Oreene  county  are  mainly  confined  to* 
three  formations,  the  Goal  Measures,  the  Upper  Burlington 
and  the  Hannibal.  The  clays  of  the  Goal  Measures  are,  by  far, 
the  purest  and  best  of  all.  They  are  mainly  confined  to  the 
townships  on  the  western  border  of  the  area.  Only  one  deposit 
has,  as  yet,  been  developed,  that  at  Billings,  the  following 
account  of  which  is  taken  from  Professor  Wheeler's  excellent 
description  in  ^'  Glay  Deposits,''  Missouri  Geological  Survey, 
Vol.  XI,  p.  374 :  ''  One  mile  southeast  of  the  railroad  station 
at  Billings,  a  soft,  dark,  drab  shale  has  been  opened  in  a  shallow 
pit  near  the  crest  of  a  gentle  hill  where  over  10  feet  are  ex- 
posed. It  pitches  at  an  angle  of  about  50  degrees  to  the  east, 
and  is  overlain  by  a  coarse,  brown  to  red  sandstone  that  is  over 
three  feet  in  thickness.  This  shale  has  been  used  to  a  limited 
extent  at  the  Billings  pottery  for  terra  cotta,  with  decided  suc- 
cess, as  it  burned  to  an  attractive  buff  color,  and  makes  a 
strong  ware.  Two  and  one-half  miles  southwest  of  Billings,  at 
the  former  site  of  the  XJpdegraff  brickyard,  another  bank  of 
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shale  has  been  opened  on  the  north  side  of  the  St.  Loais  and 
San  Franoisoo  railroad.  The  shale  is  below  the  general  level 
of  the  prairie  in  which  it  occnrs,  and  is  worked  by  a  pit  that 
is  below  water  level,  so  that  constant  pumping  is  necessary. 
Two  pits  have  been  opened  to  the  underlying  shale,  the  largest 
one  being  abont  150  by  125  and  over  30  feet  deep,  while  the 
smaller  one  is  abont  50  by  40  feet.  There  is  a  stripping  of  soil 
from  2  to  3  feet,  below  which  is  a  sandstone  that  on  the  eastern 
face  of  the  large  pit  has  a  thickness  of  3  feet,  and  a  local  dip 
of  about  15  degrees  to  the  south,  while  on  the  northern  face 
the  shale  dips  about  25  degrees  to  the  east.  The  probable 
thickness  of  the  shale  at  this  point  is  at  least  20  feet,  and  likely 
more." 

The  following  is  a  section  obtained  at  this  point : 

Feet. 

4.    Soil 1 

3.    Oonglomerate 3 

2 .    White  clay 45 

1.    White  sand 3 

Oontinuing  the  description.  Mr.  Wheeler  says  :  '^A  sample 
that  was  collected  gave  the  following  characteristics  :  Oolor, 
very  light  gray,  with  abundant  stainings  of  iron.  Texture, 
somewhat  coarsely  lamellar,  rather  soft,  fine-grained,  and  uni- 
form. Taste,  very  smooth,  and  slightly  of  alum.  Slacked 
readily  and  completely  to  granules  and  flakes  of  one-fourth  to 
one-fiftieth  of  an  inch  in  size.  Pyrite  was  not  noticeable,  mica 
was  present  in  small  white  scales.  When  ground  to  20-mesh 
it  made  a  plastic  paste  with  23.0  per  cent,  of  water,  which 
shrank  to  7.3  per  cent,  in  drying  and  6.7  per  cent,  when  vitri- 
fied, giving  a  total  shrinkage  at  14.0  per  cent.  The  dry  mud 
had  an  average  tensile  strength  of  98,  and  a  maximum  of  109 
pounds  to  the  square  inch.  Incipient  vitrification  occurred  at 
2,000  deg.  F.,  complete  at  2,200  deg.,  and  viscous  above  2,400 
deg.  The  clay  rapidly  dried  without  cracking,  but  needed  to 
be  slowly  heated  to  avoid  checking.  It  burned  to  a  pale  buff 
oolor,  and  made  an  excellent  quality  of  terra  cotta,  for  which 
purpose  it  was  used  at  the  Keightly  Manufacturing  Go.,  at 
Billings.  A  chemical  analysis  of  the  shale  gave  the  following 
results : " 
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Percent. 

Silica 63.11 

Alumina 23  11 

Combined  water 7.05 

Sesquloxlde  of  Iron 1.79 

Lime 0.42 

Magnesia 0.70 

Alkalies 3.71 

Total 99 .  89 

Total  fluxing  Impurities «.62 

Speclflc  gravity 2  16 

Some  SpriDgfield  parties  organized  the  Springfield  Fire 
and  Paving  Brick  Co.,  at  Billings,  and  equipped  their  plant  with 
a  No.  7  Penfield  stiff-mad  machine,  with  a  40-horse  power 
engine  and  boiler.  Three  clamp  kilns  had  a  capacity  of  150;- 
000,  but  yielded  only  a  small  percentage  of  the  best  pavers, 
the  main  outpnt  being  building  brick  which  found  a  market  in 
Springfield.  The  business  of  this  company  was  not  successful, 
and  was  discontinued  in  1892. 

The  Kelso  clay  beds;  are,  next  to  th^  Billings  deposit, 
probably  the  most  promising  of  any  yet  discovered  in  the  area. 
They  are  situated  about  four  miles  west  of  Willard,  in  Tp.  30, 
R.  XXIII  W.,  Sec.  20,  Ne.  qr.  of  Sw.  qr.  Several  prospect 
shafts  have  been  sunk,  and  evidence  of  a  large  and  valuable 
deposit  found.  One  shaft,  at  a  depth  of  30  feet,  passed  through 
the  following  strata : 

Section  at  the  Kelso  Shaft. 

Feet. 

6     Soil,  red  clay,  with  Imbedded  clay  nodules 2 

5.    Limestone,  with  chert,  dark  colored,  coarse 5 

4.    Shale,  variegated,  reddish  and  greenish 3 

8.    Shale,  compact,  bluish  with  occasional  thin  seams  containing 

fossil  plants , 18 

2.    Shale,  black,  with  crystals  of  selenlte 4 

1.    Shale,  black 3 

The  surrounding  rook  is  a  coarse  bowlder  conglomerate. 
The  upper  portion  of  the  clay  varies  from  greenish  to  reddish, 
but  the  great  mass  of  the  bed  closely  resembles,  both  in  plas- 
ticity and  chemical  composition,  the  Billings  deposit.  Its 
freedom  from  mica  and  iron  makes  it  a  most  promising  variety 
for  the  manufacture  of  fire-brick  and  all  kinds  of  pottery.  The 
nodules  of  clay  mentioned  In  the  first  two  feet  of  the  section 
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are  the  mineral  Halloysite  seem  to  be  peoaliar  to  thia  area,  at 
least  they  have  never  been  seen  at  any  other  point.  They  vary 
from  the  size  of  a  nutmeg  to  masses  several  inches  across. 
They  are  imbedded  in  an  impare,  ferraginoas  clay,  resembling 
the  Upper  Burlington  clay  soon  to  be  described,  and  when 
freshly  broken,  are  delicately  and  beaatifnlly  colored  from  a 
rich  salmon  color  through  the  various  shades  of  red,  pink, 
yellow,  blue  and  green.  These  nodular  masses  seem  to  have 
almost  completely  lost  their  plasticity,  and  they  are  hard  and 
brittle.  It  might  be  supposed  that  they  are  masses  of  the  clay 
that  have  been  baked  by  surface  fires,  but  the  finding  of  them 
at  greater  depths  in  other  shafts  precludes  this  idea.  The 
proximity  of  this  deposit  to  the  railroad,  the  purity  of  the  clay 
and  the  size  of  the  deposit,  as  indicated  by  the  prospect  holes, 
are  all  facts  in  favor  of  its  further  development.  The  clay  in 
the  ochre  beds  on  the  Long  farm  (Tp.  30  N.,  B.  XXIII  W., 
Sec.  21 ),  a  short  distance  south  of  the  Kelso  locality  has  already 
been  noticed.  The  fifteen  feet  of  clay  found  just  above  the 
ochre  deposit  is  the  purest  and  the  finest  quality  of  clay  that 
has  been  noticed  in  the  southwest.  It  is  pure  white,  free  from 
grit  and  very  plastic.  If  the  area  of  the  bed  is  sufficiently 
large,  as  is  indicated,  this  will  prove  even  more  valuable  than 
the  ochre. 

A  little  over  a  mile  to  the  southeast  on  the  south  slope  of 
a  draw  running  into  Olear  creek  (Tp.  30  IS.,  B.  XXIII  W., 
Sec.  32,  Ne.  i  of  Se.  i ),  a  shallow  prospect  shaft  has  been  sunk 
on  the  Lintner  farm,  showing  conditions  similar  to  those  on  the 
Kelso  land.  The  red,  ferruginous  clay  filled  with  nodules 
variegated  in  color  was  found,  but  the  excavation  was  not  deep 
enough  to  indicate  the  nature  of  the  deposit  below. 

On  the  Gilmore  farm,  three  miles  northwest  of  the  Kelso 
beds,  deposits  similar  to  those  at  Kelso's  have  been  found. 

Information  has  been  received  of  similar  beds  near  the 
Evans  mill,  fifteen  miles  northwest  of  Springfield,  and  also  east 
of  Gave  Spring,  on  the  Sac  river.  It  is  stated  that  a  large  and 
valuable  deposit  of  clay  has  just  been  discovered  two  and  one- 
half  miles  northeast  of  Buckley.    From  data  already  obtained, 
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there  is  little  doubt  that  other  and  equally  valuable  clay-beds 
will  be  found  in  the  future  in  this  territory. 

G.  A.  Ramsey,  of  Springfield,  exposed  a  bed  of  clay  eight 
feet  in  thickness  in  sinking  a  well,  situated  near  the  head  of  a 
valley  that  extends  up  from  the  McCracken  mill  on  the  Sac 
( Tp.  29  N.,  R.  XXI  W.,  Sec.  6,  W.  }  of  lot  4,  Nw.  i ).  The  well 
is  18  feet  deep  and  is  in  a  small  area  of  Graydon  sandstone 
lying  in  an  Upper  Burlington  valley.  The  bed  is  evidently  a 
local  pocket.  In  appearance  and  plasticity  it  is  similar  to  the 
Kelso  deposit,  and  some  fine  samples  of  brick  and  pottery 
have  been  made  from  it. 

On  the  McAdams  farm,  northeast  of  the  McOracken  mill, 
a  small  bed  of  clay  somewhat  similar  to  that  encountered  in 
the  Ramsey  well  was  also  found.  Also  on  the  Ohilders  land 
(Tp.  28  K,  R.  XXII  W.,  Sec.  16,  Sw.  i  of  Nw.  }),  clay  and 
shale  were  struck  in  a  well  29  feet  deep. 

The  clays  derived  from  the  Upper  Burlington  limestone,  as 
has  been  stated, are  highly  ferruginous,  very  impure,  and  mainly 
utilized  in  brickmaking.  The  residual  material  is  called  geest, 
and  is  mainly  formed  from  the  breaking  down  of  the  upper 
shaly  and  cherty  beds  of  the  Burlington  formation,  and  in 
places  partially  derived  from  the  sandstone  that  overlaid  the 
formation.  These  deposits  are  very  large,  scattered  over  the 
whole  area,  and  are  practically  inexhaustible.  Wherever  sub- 
terranean drainage  has  been  imperfect,  the  low,  flat,  swampy 
tracts  are  found,  in  most  cases,  to  be  underlaid  by  deposits  of 
this  clay.  But  few  of  the  numerous  and  widely  scattered  beds 
have  been  worked. 

The  Rand  brickyard  is  one  of  the  most  prominent,  and 
the  largest  yard  which  has  supplied  brick  for  the  city  of 
Springfield.  It  furnishes  the  raw  material  for  the  brickyard 
in  the  western  part  of  the  city.  This  clay  covers  an  area  of 
about  thirty  acres.  It  is  about  eight  feet  deep,  and  requires, 
practically,  no  stripping.  The  deposit  has  been  worked  since 
1881.  During  the  season  of  brick-making,  from  25  to  30  men 
are  employed,  and  the  total  output  has  been  about  25,000,000 
bricks,  with  an  average  annual  production  of  about  1,200,000. 
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A  ooDBiderable  amoant  of  this  product  is  transported  to  poath- 
east  Missoari.  The  wholesale  price  at  the  yards  is  five  dollars 
a  thousand,  or  six  dollars  delivered  in  the  city  of  Springfield. 
The  poorly  drained  land  west  of  Springfield  along  the  St.  Louis 
and  San  Francisco  railroad  contains  a  practically  inexhaustible 
amount  of  clay.  In  this  locality  the  McOain  brickyard  was  in 
operation  for  several  years.  It  was  only  worked  a  portion  of 
the  time,  with  an  output  of  400,000  brick,  and  it  has  since  been 
incorporated  with  the  Eand  yard. 

East  of  Springfield,  on  the  McOlure  land,  a  small  bed  has 
been  worked  for  a  number  of  years,  with  an  annual  output  of 
about  300,000  brick ;  and  north  of  the  fair  grounds,  in  the  same 
city,  is  another  well-established  plant,  the  Quick  brickyard, 
with  an  output  in  1693  of  about  1,000,000  brick. 

Southwest  of  the  city,  near  the  Eirchgraber  place,  on  the 
Mount  Yernon  road,  Oeer,  Loyd  &  Oo.,  have  recently  opened 
a  new  yard.    The  annual  product  is  about  1,000,000  brick. 

At  Ash  Orove,  the  Walker  yard  has  been  worked  aince 
1886.  The  total  output  is  about  4,000,000  brick,  that  of  1895 
being  about  400,000.  The  clay-bed  is  located  at  the  juncture 
of  the  main  line  and  the  Olinton  branch  of  the  Kansas  Oity, 
Ft.  Scott  and  Memphis  railroad.  The  deposit  covers  about 
ten  acres,  varies  from  two  to  four  feet  in  thickness,  and  requires 
no  stripping.  During  the  season,  from  April  to  November,  the 
yard  employs  from  20  to  25  men.  The  product  of  this  yard  is 
mainly  used  in  buildings,  flues  and  sidewalks  in  Ash  Grove 
and  the  surrounding  country.  The  retail  price  is  80  cents  a 
hundred,  and  the  wholesale  t7.50  a  thousand. 

The  Britain  yard  at  Republic  is  west  of  the  town.  It  was 
opened  in  1892,  and  has  produced  about  1,800,000  brick.  The 
output  for  1895  was  500,000.  This  is  a  small  tract  of  land,  of 
about  two  acres,  and  the  clay  is  from  three  to  four  and  one-half 
feet  thick.  During  the  working  season  15  men  are  employed. 
The  product  brings  from  $5.50  to  $6.00  a  thousand  wholesale, 
and  80  cents  a  hundred  retail. 

At  the  Julian  yard,  at  Walnut  Orove,  200,000  brick  were 
manufactured  in  1895.  The  yard  is  located  near  the  railway 
station. 
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The  clays  of  the  Hannibal  sandstones  and  shales  have  not, 
as  yet,  been  utilized  within  the  limits  of  this  district,  though 
north  of  Bolivar,  in  Polk  county,  a  thriving  plant  using  the 
material  from  this  formation  was  established  years  ago.  There 
is  no  reason  why  the  heavy  and  wide  spread  deposits  of  this 
horizon  in  the  north-half  of  the  district  should  not  be  utilized 
for  the  cheaper  grade  of  products. 

So  far  as  can  be  learned,  no  deposits  of  workable  clay 
from  any  other  formations  exist  within  the  limits  of  this  terri- 
tory. 

MOULDING  SAND. 

In  several  localities  fine  beds  of  moulding  sand  has  been 
found  in  the  Upper  Coal  Measures.  That  on  the  Hibler  farm 
and  the  adjoining  Kincaid  tract  next  to  the  railroad,  in  Tp.  28, 
B.  XXIII  W.,  Sec.  10,  Sw.  i,  has  been  largely  used  by  the 
Springfield  Stove  works. 

IRON. 

No  workable  beds  of  iron  ore,  so  far  as  present  knowledge 
extends,  exist  within  the  limits  of  the  area.  The  sandstones 
of  the  Carboniferous  frequently  contain  nodular  masses  of  limo* 
nite.  Withstanding  the  destructive  power  of  atmospheric  and 
aqueous  agencies  better  than  the  matrix,  these  are  left  with  the 
residual  material,  while  the  softer,  lighter  and  the  more  easily 
decomposable  material  is  carried  away.  At  a  number  of  points 
such  surface  deposits  are  large  enough  to  delude  the  prospector 
with  the  idea  that  they  are  outcroppings  of  heavier  beds  below. 
Such  a  deposit  is  found  near  the  Kelso  clay  bed'(Tp.  30  N., 
R.  XXIII  W.,  Sec.  20,  Sw.  qr.).  Swallow  •  has  given  the  fol- 
lowing list  of  localities  for  iron  ore  in  the  form  of  hematite  in 
the  area : 

Tp.  30  N.,  R.  XX  W.,  Sec.  26,  hematite. 
Tp.  27  X.,  R.  XXIII.  Sec.  19.  W.  hf.,  hematite. 
Tp.  27  N..  R.  XXIII  W.,  Sec.  7,  Sw.  qr,,  hematite. 
Tp.  28  N.,  R.  XXIII  W.,  Sec.  4,  Nw.  qr.,  hematite. 
Tp.  28  X. ,  R.  XXIII  W. ,  Sec.  4.  Sw.  qr. ,  hematite. 


♦Geological  Report  on  the  Southwestern  Branch  of  the  Pacific  Railroad.  G 
C.  Swallow,  1859,  p.  35. 
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Tp.  28  N. ,  R.  XXIII  W. ,  Sec.  5,  hematite. 

Tp.  28  N.,  R.  XXUI,  Sec.  8,  Nw.  qr.,  hematite. 

Tp.  28  X..  R.  XXIII,  Sec.  9,  Nw.  qr.,  hematite. 

Tp.  80  N.,  R.  XXUI,  Sec.  5.  Ne.  qr. ,  hematite. 

Tp.  30,  R.  XXIV  W.,  Sec.  19,  oxide. 

Tp.  29,  R.  XXIV  W.,  Sec.  4,  oxide. 

Tp.  29,  R.  XXIV  W. ,  Sees.  24  and  25,  brown  hematite. 

Tp.  30,  R.  XIX  W.,  Sec.  18,  oxide. 

Tp.  27,  R.  XXIV  W. ,  Sees.  14  and  15,  hematite. 

Tp.  27,  R.  XXIV  W.,  Sec.  23,  hematite. 

Tp.  27.  R.  XXIV  W..  Sec.  24,  K.  hf.,  brown  hematite. 

Tp.  28,  R.  XXIV  W.,  Sec.  1,  hematite. 

Tp.  29,  R.  XXIV  W. ,  Sec.  12.  hematite. 

These,  as  well  as  other  localities  observed,  are  merely 
residual  deposits  of  ore  from  the  coal  measure  sandstones. 
Professor  Broadhead  states  that  '^  near  the  line  between  Web- 
ster  and  Greene  counties  ( Tp.  30  :n.,  B.  XIX  W.,  Sec.  18 ), 
hematite  is  found  in  fragments,  some  of  them  quite  large.  They 
occurred  in  a  ravine  about  the  line  between  the  saccharoidal 
sandstone  and  the  second  magnesian  limestone."  A  recent 
visit  to  this  locality  resulted  in  the  finding  of  only  a  few  residual 
masses  of  limonite  left  by  the  breaking  down  of  the  sandstones. 
There  is  no  evidence,  whatever,  of  any  paying  deposit  of  iron. 
It  is  further  stated  by  the  same  authority,  that  large  masses  of 
fibrous  brown  hematite  are  found  in  the  southwest  quarter  of 
section  19,  township  27  north,  range  23  west.  The  same  excel- 
lent ore  covers  many  acres  in  the  northwest  quarter  of  the 
same  section.  It  also  abounds  in  section  7  of  the  same  town- 
ship. Both  small  and  large  nodular  masses  of  limonite,  and 
sometimes  hematite,  ores  are  found  scattered  over  both  the 
coal  measure  sandstone  deposits  and  in  their  immediate  vicinity 
on  the  Upper  Burlington  limestone,  where  they  have  been  left 
by  denudation.  Many  samples  may  be  found  in  the  stone  walls 
and  fence  corners  on  Grand  prairie.  In  1885  several  shafts 
were  sunk  on  the  Hill  farm,  on  the  conglomerate  ridge,  south 
of  Bucksnort  Hollow  (Tp.  29  N.,  R.  XIX  W.,  Sec.  5,  Ne.  qr., 
lot  7 ).  A  small  local  deposit  of  bog-iron  ore  was  discovered. 
It  was  evidently  residual  from  the  conglomerate.  Sometimes 
the  iron  ore  is  found  as  residual  material  filling  crevices,  as, 
for  example  on  the  Wilson  farm  ( Tp.  30  N.,  R.  XXIII W.,  Sec. 
32,  Nw.  qr.).    The  vein   which  was   traced  for  a  distance  of 
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twenty  feet,  was  two  and  one-half  feet  wide,  and  aboat  twenty 
feet  deep.  The  crevice  walls  were  of  sandstone.  The  drill 
penetrated  nineteen  feet  farther,  in  calcite  and  iron.  The  ore 
was  a  good  quality  of  limonite. 

The  iron  in  the  residaal  clay  covering  the  npper  beds  of 
the  Upper  Barlington,  frequently  approaches  bog-iron  ore  in 
composition.  In  the  quarry  near  the  old  cotton  mill  in  the  city 
of  Springfield,  such  a  deposit  was  found  filling  a  ^^  flat  open- 
ing" where  the  underground  drainage  had  segregated  it.  The 
bed  had  a  thickness  of  about  two  feet. 

In  a  number  of  places  in  the  Ooal  Measures  sandstone 
deposits,  in  the  western  part  of  the  area,  the  residual  material 
from  denudation  of  the  sandstone  has  been  so  great  as  to  form 
large  deposits  of  excellent  yellow  ochre.  On  the  Long  farm  a 
fine  bed  of  this  ochre  was  discovered  in  1887  (Tp.  30  N.,  B. 
XXIII  W.,  Sec.  31,  Ne.  qr.).  In  1892  it  was  leased  to  the  Bois 
d'Arc  Mining  company,  and  worked  for  a  short  time.  Alto- 
gether six  shafts  with  drifts  were  sunk  on  the  tract,  and  in  the 
deepest  shaft  which  reached  a  depth  of  70  feet,  35  feet  of  ochre 
was  exposed,  under  15  feet  of  a  fine  white  clay.  The  material 
requires  washing,  and  the  ochre  is,  apparently,  of  a  very  good 
quality.  The  Bois  d'Arc  company  discovered  another  deposit, 
in  Tp.  30,  B.  XXEII,  Sec.  3L,  Se.  i,  where,  in  the  fall  of  1891, a 
mill  was  erected.  It  is  the  intention  to  work  both  deposits. 
Undoubtedly  other  excellent  beds  of  ochre  occur  in  the  same 
township. 

WATBB  AND  WATBB  POWBBS. 

Next  to  an  equable  climate  and  pure  air,  the  possession 
for  which  southwestern  Missouri  is  most  grateful,  is  her  abund- 
ant supply  of  cold  and  sparkling  waters,  which,  for  the  most 
part,  come  to  the  surface  in  large  springs  generously  scattered 
throughout  the  whole  district. 

SUBFAOB  WATBB  SUPPLY. 

The  surface  waters  of  the  area  are  exceptionally  pure.  All 
have  their  origin  in  large  springs,  so  that  even  in  the  most 
protracted  drought  they  are  never-failing.    Few  parts  of  the 
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country  are  better  watered  or  possess  better  facilities  for  the 
utilization  of  water-power  than  southern  Missouri,  particularly 
that  part  of  the  state  under  discussion  in  this  report.  The 
growing  demand  for  water-power,  due  to  the  progress  in  elec- 
trical science,  greatly  enhances  the  importance  of  a  proper 
knowledge  of  our  water-supply.  The  James  and  Finley  rivers, 
and  Wilson  creek,  with  their  spring  branch  tributaries  in  the 
southern  half  of  the  area,  and  the  various  branches  of  the  Sac 
and  Pomme  de  Terre  rivers  with  their  tributaries  on  the  north, 
afford  numerous  mill  sites  with  practically  inexhaustible  reser- 
voirs, which  but  await  the  needs  of  advancing  civilization. 
The  Greene  Oounty  Game  and  Fish  Propagating  Olub  have 
made  careful  investigations  concerning  the  temperature  and 
purity  of  these  waters,  with  a  view  to  restocking  the  streams 
with  the  finest  varieties  of  game  and  food-fish.  The  tempera- 
ture of  the  various  springs,  in  the  hottest  weather,  runs  from 
44  to  58  degrees  F.,  and  of  the  streams  from  60  to  67  degrees. 
The  extent  and  character  of  the  water-supply  of  this  area  can 
be  better  appreciated  after  a  brief  consideration  of  some  of 
the  principal  springs  which  gush  forth  on  all  sides  to  form  the 
surface  streams. 

SPBINGS. 

The  region  is  truly  a  country  of  springs,  and  there  are  few 
areas  which  have  such  an  abundance  of  fine,  pure,  cold  water 
as  abound  in  this  portion  of  the  state.  The  majority  of  the 
farms  possess  one  or  more  of  these  adjuncts  to  health  and 
comfort.  As  Minnesota  has  been  called  the  land  of  lakes,  so 
southwest  Missouri  might  be  called  the  land  of  springs. 

The  springs  of  the  different  horizons  vary  somewhat  in 
their  characteristics,  and,  while  it  would  be  impossible  to  men- 
tion, in  particular,  each  one,  there  are  many  that  should  have 
brief  notice.  As  might  be  expected,  they  usually  issue  from 
between  two  geological  formation  and  their  size,  purity  and 
temperature  depend  largely  on  the  horizon  in  which  they  have 
their  source.  It  will  be  the  present  purpose  to  briefly  treat  of 
the  more  characteristic  and  important  representatives  of  each 
formation,  confining  the  remarks  to  such  as  are  not,  properly 
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speaking,  mineral  springs.    The  latter  will  be  left  for  considera- 
tion in  another  place. 

The  largest  and  finest  springs  are  located  at  or  near  the 
base  of  the  Upper  Burlington  limestone.  The  poroas,  cavern- 
008  natare  of  this  rock,  together  with  its  great  uniformity  and 
thickness,  and  the  hard  Lower  Burlington  forming  a  compact 
under  layer,  present  the  most  favorable  conditions  for  the 
accumulation,  filtration  and  distribution  of  surCace  waters. 
Spread  out  over  the  western  flank  of  the  Ozark  uplift,  fissured 
by  flexing,  and  cut  into  by  erosion  from  the  drainage  systems, 
it  would  be  natural  to  expect  large  and  fine  springs  along  the 
lower  slopes. 

The  sink  holes  so  abundant  in  the  upper  beds  of  the  Upper 
Burlington  form,  undoubtedly,  great  reservoirs  for  the  accnm* 
ulation  of  surface  waters  which  are  carried  by  underground 
channels  to,  or  near  the  impervious  Lower  Burlington  below. 
This  fact  is  sufficient  to  explain  the  existence  of  the  largest 
and  coldest  springs  near  the  base  of  the  jipper  division  of  the 
Burlington.  In  sinking  wells  in  this  formation,  water  is  almost 
invariably  obtained  at  shallow  depths,  and  large  underground 
streams  are  frequently  tapped  which  give  conclusive  evidence 
of  the  cavernous  nature  of  the  limestone,  and  the  sources  of 
supply  of  the  great  springs.  It  has  always  been  a  difficult 
problem  to  account  for  the  steady  supply  of  water  furnished 
by  the  great  springs  which  encircle  the  base  of  this  formation 
on  either  side  of  the  uplift.  But  this  question  is  now  solved 
by  the  knowledge  that  the  whole  formation  forms  one  vast 
cavernous  reservoir  into  which  the  numerous  sink-holes  and 
porous  strata  convey  to  the  underground  recesses  the  surface 
drainage  of  the  area  occupied  by  this  formation.  Surprise  is 
frequently  expressed  at  the  permanency  of  the  water  supply 
for  the  numerous  large  springs  that  issue  from  the  lower  beds 
of  the  Upper  Burlington  on  both  slopes  of  the  Sprinfield 
anticline  in  the  near  vicinity  of  Springfield.  T.  Sterry  Hunt 
has  shown,  however,  that  porous  rocks  may  contain  an  enor* 
mons  amount  of  water.  He  calculated  that  one  square  mile 
of  sandstone  100  feet  thick  will  contain  water  enough  to  sus- 
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tain  a  flow  of  a  cabio  foot  per  minate,  for  more  than  thirteen 
years. 

The  most  important  of  the  immense  number  of  springs 
issaing  from  the  Upper  Barlington  may  be  mentioned.  First, 
and  most  noteworthy,  because  of  its  utilization,  is  the  Fulbright 
spring,  situated  near  Springfield,  in  Tp.  29  N.,  B.  XXII  W., 
Sec.  2,  Nw.  i.  It  emerges  from  a  small  cave  in  a  bluff  on  the 
west  side  of  the  Doling  Park  branch  of  the  Sao.  The  Spring- 
field Water  Company  has  built  a  large  stone  basin  around  the 
spring  in  order  to  prevent  contamination  from  the  overflow  of 
the  creek,  that  conveys  a  portion  of  the  sewage  from  the  city 
three  miles  distant.  The  water  is  wonderfolly  pure  and  clear, 
and  has  a  flow,  in  ordinary  seasons,  of  10,000,000  gallons  m 
twenty-four  hours,  an  amount  that  would  be  sufficient  for  a 
city  much  larger  than  Springfield.  One  mile  to  the  southwest, 
at  the  Bitter  springs,  a  large  lake  has  been  formed  by  damming 
the  mouth  of  the  narrow  valley  into  which  three  great  springs 
empty,  making  one  of  the  most  picturesque  points  in  the 
vicinity. 

Another  important  spring  is  the  one  in  Doling  Park,  the 
waters  from  which  have  been  collected  into  a  basin,  forming  a 
lake  which  greatly  beautifies  this  pleasure  resort. 

The  Woolen  Mill  spring,  in  the  northwestern  part  of  the 
city  of  Springfield,  the  Dingledein  spring,  in  the  western  part 
of  the  same  city,  at  the  brewery,  the  Jones  spring,  in  the  eastern 
part  of  the  city,  the  Lyman  spring,  just  north  of  the  '^  Square  '' 
on  Water  street,  and  the^Frisco  spring,  north  of  the  St.  Louis 
and  San  Francisco  oar  shops  are  all  fine  and  large.  The  site 
which  they  encircle  was  the  seat  of  a  large  and  prosperous 
Indian  village  long  before  the  appearance  of  white  men  in  this 
region.  The  last  mentioned  springs,  owing  to  their  situation 
in  a  thickly  settled  region,  are  all  more  or  less  contaminated 
with  sewage,  and  Jones  spring, especially,  is  unfit  for  domestic 
purposes. 

Sander  spring  (Tp.  29  N.,  B.  XXI  W.,  Sec.  5),  just  south 
of  the  McCracken   mill   on   the   South   Dry  Sac,  is  another 
G— 15 
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good  example  of  a  spring  issaing  from  the  base  of  the  Upper 
BarliDgtOD.  It  flows  from  the  foot  of  a  low  blaff  into  a  large 
basin,  and  its  discharge  is  probably  8,000,000  gallons  in  twenty- 
foar  hoars.  A  recent  attempt  to  dam  this  spring  has  shown 
that  its  waters  are  the  chief  source  of  supply  for  Falbright 
spring,  a  fact  which,  in  dry  times,  may  be  very  disadvantageous 
to  the  water  supply  of  the  city  of  Spriogfieid.  The  drainage 
here,  both  surface  and  underground,  follows  the  line  of  the 
McOracken-Bitter  faulting. 

Jones  spring,  situated  about  a  quarter  of  a  mile  from 
Pierson  creek,  on  the  Henderson  road,  in  Tp.  29,  B.  XXI,  Sec. 
27,  Ne.  qr.,  is  an  Upper  Burlington  spring,  and  must  not  be 
confounded  with  one  of  the  same  name  already  described.  It 
and  the  Sander  spring  were  once  considered  as  a  possible 
source  of  water  supply  for  the  city  of  Springfield.  It  issues 
from  a  small  cave  near  the  base  of  the  hill,  and  has  a  discharge 
of  about  8,000,000  gallons  of  water  in  twenty  four  hours. 
The  ^^Oulf"  railroad  passes  on  a  high  trestle  across  the 
ravine  at  this  point.  A  small  dam  has  been  built,  and  an  effort 
made  to  convert  this  locality  into  a  pleasure  park.  One  of  the 
oldest  mills  of  the  township  was  built  here,  and  part  of  the 
wall  supporting  the  mill-race,  nearly  20  feet  high  for  about  200 
feet,  is  still  standing.  The  porous  condition  of  the  limestone 
is  here  beautifully  exhibited.  The  wash  of  the  water,  which  is 
rich  in  lime  carbonate,  has  both  worn  away  the  rock  and  re- 
deposited  the  materia],  together  with  the  lime  held  in  the 
waters,  upon  the  old  wall,  forming  incrustations  several  inches 
thick. 

The  Fisher  cave,  on  the  old  Fisher  farm,  has  issuing  from 
its  mouth  a  stream  of  pure  cold  water  six  inches  deep,  and 
from  four  to  five  feet  wide. 

Among  the  numerous  springs  that  help  to  add  volume  to 
the  James  river,  that  on  the  Gates  farm,  Tp.  28  N.,  R.  XXI  W., 
Sec.  20,  issues  from  a  high  blaff  and  discbarges  immediately 
into  the  river.  At  Gamp  Gora,  on  the  banks  of  the  James,  two 
miles  south  of  Gates  Ford,  is  another  cave  and  spring,  which 
is  a  favorite  resort  for  flsbiog  and  camping  parties.    This  cave- 
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spring  ia,  undoubtedly,  the  underground  continuation  of  a 
spring  branch  that  rises  in  Tp.  28,  R.  XXI,  center  of  the  west 
half  of  Sec.  24,  which  sinks  and  comes  out  again  at  the  remark- 
able well-spring  in  the  Ne.  of  Sec.  22,  same  township  and  range, 
on  the  Samuel's  farm.  Just  north  of  Mr.  Samuel's  house  is 
an  abrupt  sinkhole,  about  30  feet  in  diameter,  and  about  30  feet 
deep,  at  the  bottom  of  which  a  bold,  clear  stream  of  water 
flows,  entering  from  a  cave  opening  to  the  east, and  as  quickly 
disappearing  in  a  similar  opening  on  the  southwest.  Artificial 
steps  have  been  made  so  that  one  can  easily  descend  to  this 
stream.  Over  all,  a  platform  and  well-curb  have  been  erected. 
A  few  hundred  feet  distant  a  well  was  sunk  which  taps  this 
stream,  and  the  two  points  are  connected  by  an  underground 
passage.  The  stream  flows  underground  for  a  quarter  of  a 
mile,  when  it  again  emerges  as  the  beautiful  Bussel  spring,  just 
south  of  the  center  of  the  same  section.  From  here  it  flows 
about  400  feet  above  ground,  and  again  sinks  into  a  cave- 
opening,  after  which  it  probably  re-appears  in  the  springs  near 
the  center  of  the  west  half  of  Sec.  28,  a  mile  and  a  half  to  the 
southwest.  Here  it  probably  flows  for  nearly  a  mile  above 
ground  to  the  center  of  the  Sw.  i  of  29,  same  township  and 
range,  where  it  disappears  for  the  last  time  before  emerging 
at  Oamp  Oora.  It  is  probable  that  this  underground  stream  is 
also  fed  by  a  spring  that  rises  in  the  northeast  corner  of  Sec. 
27,  same  township  and  range,  flowing  about  a  quarter  of  a  mile 
due  west,  and  sinking  near  the  center  of  the  north  half  of  the 
s^me  section. 

Blue  spring,  also  called  Sander  spring,  a  popular  resort  for 
summer  pleasure  seekers,  Tp.  27  N.,  B.  XII  W.,  Sec.  32,  has  a 
flow  of  about  6,000,000  gallons  in  twenty-four  hours. 

The  course  of  the  underground  stream  that  feeds  this 
spring  is  very  perfectly  outlined  by  a  series  of  sinks  and  caves 
trending  south  30  degrees  east.  The  furthermost  cave  on  this 
line  of  sinks  is  a  large  opening  into  the  bluff  half  a  mile  from 
the  spring,  and  between  this  cave  and  the  spring  is  a  sinkhole 
50  feet  long  by  40  feet  wide  and  40  feet  deep.  A  strong  cur- 
rent of  cold  air  issues  from  the  east  end  of  the  cave,  and  it  is 
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probrbly  set  in  ciroalation  by  the  movemeDts  of  the  nnder- 
grooDd  corrent. 

The  immense  system  of  aDdergronnd  draioage  in  the  lime- 
stone is  freqaently  surcharged  after  heavy  rains,  in  which  case 
the  water  is  often  forced  to  the  surface  and  forms  "wet  weather'^ 
springs.  An  excellent  example  of  the  temporary  springs  is  foand 
in  the  Lee  spring  southeast  of  Ozark,  in  Christian  county,  Tp.  27^ 
B.  XXI  W.,  Sec.  23,  Ne.  i.  When  visited  after  several  days  of 
heavy  and  prolonged  rains,  a  stream  is  found  to  issue  from  the 
small  cave,  the  estimated  run  being  15,000,00(1  gallons  in  twenty- 
four  hours.  It  subsides  and  dries  up  after  a  week  or  two  of 
dry  weather.  Dug  spring,  Tp.  27,  R.  XXIII,  Sec.  30.  Nw.  i, 
on  the  old  "  wire"  road,  in  Obristian  county,  is  quite  noted  in 
that  section  of  country.  At  this  point,  Aug.  2nd,  1861,  during 
the  War  of  the  Rebellion,  quite  a  skirmish,  known  as  the  battle 
of  Dag  Spring,  took  place.  The  Haseltine  spring,  Tp.  29.  B» 
XXIir,  Sec.  3,  forms  the  headwaters  of  Olear  creek,  and  has  a 
flow  of  about  6,000,000  gallons  a  day.  It  issues  from  a  large 
cave  filled  with  tumbled  debris.  Oonsiderable  salt  peter  has 
accumulated  in  the  crevices  of  the  rock  at  the  mouth  of  the 
cave.  The  Amphitheater  spring,  on  Sao  river,  just  east  of 
Percy  cave,  is  a  small  but  clear  and  very  cold  stream  that  issues 
from  near  the  center  of  a  beautiful  curved  mural  bluff  which 
forms  a  natural  amphitheater  of  considerable  size.  A  quarter 
of  a  mile  to  the  east,  on  the  south  bank  of  the  Sac,  is  the  Owen 
spring,  issuing  from  a  small  cave  on  the  Owen  farm,  Tp.  30  N.« 
R.  XXII  W.,  Sec.  26,  Se.  h  The  head  of  Asher  creek  has  its 
source  in  the  small  Watson  spring  in  the  upper  beds  of  the 
Upper  Burlington,  on  the  Asher.  The  town  of  Cave  Spring  is 
named  from  the  large  stream  that  flows  from  the  cavern  and 
sink  within  the  limits  of  the  village.  Just  south  of  this  locality 
might  be  mentioned  the  Hale  spring,  in  Sec.  9,  and  the  Nelson 
spring  in  Sec.  4,  each  having  about  the  same  value  as  Gave 
spring. 

Tyrrell  spring,  Tp.  27,  R,  XXIV,  Sec.  1,  Sw.  i,  is  pumped  to 
Billings  by  the  St.  Louis  and  San  Francisco  railroad,  where  it 
supplies  their  tanks  and  the  town  with  water.    It  issues  from 
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the  foot  of  a  blaff  of  Upper  Borlington  limestone,  aboat  40 
feet  high.  Aboat  300  feet  to  the  northeast  of  this,  another 
fine  spriog  issues  from  the  blaff  on  the  north  side  of  the  valley. 

Rocky  point  spring,  Tp.  29,  R.  XXIV,  Sec.  6,  W.  J,  is  one 
of  the  largest  in  West  Center  township,  and  a  popular  place  of 
resort. 

The  Shaking  Moand  spring,  Tp.  29,  R.  XXIY,  Sec.  15,  near 
the  middle  of  the  west  line  of  the  Nw.  i,  though  small,  is  a 
spring  that  has  long  created  considerable  interest  throughout 
the  region  in  which  it  is  located,  and  has  been  the  subject  of 
some  comment  in  the  newspapers.  Here  the  water  rises  from 
the  summit  and  seeps  off  all  over  the  low  mound,  which  is  12 
feet  high,  and  50  by  70  feet  in  dimension.  The  mound  stands 
in  the  river  bottom,  not  far  from  the  junction  of  Pickerel  and 
Pond  creeks,  and  is  most  remarkable,  from  the  fact,  that  it 
shakes  all  over  when  walked  upon.  Poles  are  easily  sunk  in 
it,  through  the  tenacious  turf,  and  down  to  a  distance  of  six  to 
ten  feet,  into  the  black  muck  that  makes  up  the  bulk  of  the 
mound.  A  dense  mat  of  grass  and  sedges  covers  the  mound 
aud  remains  green  the  whole  year.  Oattle  are  frequently  mired 
in  the  bog.  This  would,  undoubtedly,  be  a  good  locality  in 
which  to  search  for  the  remains  of  extioct  animals,  such  as 
the  mastodon,  and  it  is  a  rare  example  in  the  south,  of  the  peat 
bog  which  is  not  uncommon  in  the  more  northern  regions. 

Of  the  Lower  Bnrliugton  limestone  springs,  several  large 
oues  may  be  noted.  One  of  these,  the  Big  Boiling  spring,  Tp. 
28  N.,  R.  XXI  W.,  Sec.  16,  Se.  i,  is  probably  the  largest  spring 
in  the  area.  It  flows  directly  from  a  flat  orifice  extending 
irregularly  for  nearly  one  hundred  feet  along  the  baok  of  the 
river,  and  it  is  either  an  opening  of  an  underground  channel 
of  the  river,  or,  what  is  possible  an  outlet  for  some  of  the  large 
stream-sinks  that  occur  to  the  east  in  this  township.  Although 
this  is  the  largest  spring  of  the  area,  and  is  situated  in  the 
Lower  Burlington,  the  water  is,  undoabtedly,  collected  in  the 
rocks  of  the  Upper  Barlington,  and  conveyed  downward  in  a 
crevice  which  extends  into  the  lower  stratum.  Several  shafts 
opening  into  a  brecciated  ore-body  .have  been  sank   on  the 
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plateau  jast  above  the  spring,  and  iDdicate  a  shattering  of  the 
beds  at  this  point.  The  spring  formerly  had  its  oatlet  from 
the  cave  aboat  800  feet  to  the  northeast.  After  heavy  rains, 
quite  a  stream  flows  from  the  cave  along  the  surface  of  the 
ground  to  the  present  outlet  of  the  spring.  The  deep  and  re- 
markable canon  immediately  north  of  the  cave  just  referred 
to,  undoubtedly  marks  a  still  earlier  oatlet  of  this  great  body 
of  water,  and  is  also  a  fine  example  of  a  valley  of  recession. 
A  few  hundred  feet  south  of  the  cave-opening  are  the  Ootton 
Gin  or  Roaring  springs,  a  group  of  ten  beautifal  cold  springs, 
which  occupy  a  small  narrow  canon.  In  the  hottest  weather 
these  springs  have  a  temperature  of  44"^  F. 

The  Big  Boiling  and  the  Ootton  Oin  springs  are  all  situ- 
ated on  the  property  occupied  by  the  Winoka  Lodge  Olub,  the 
summer  resort  of  several  Springfield  families. 

A  few  miles  to  the  north  of  Winoka  Olub  House,  on  the  east 
side  of  the  James  and  just  south  of  Ingram  mill,  are  several 
small  but  well  known  springs  of  pure  cold  water  known  as 
Ingram  springs. 

The  Spout  spring,  on  the  Dillard  farm,  issues  from  a  small 
cave  in  a  bluff  on  the  west  side  of  Pierson  creek. 

The  McEerrell  spring,  at  the  head  of  Pierson  creek,  is  one 
of  the  largest  and  most  beaatiful  of  all  the  Burlington  springs 
and  was  the  location  of  one  of  the  first  settlements  in  Greene 
county. 

A  number  of  springs  in  the  Lower  Burlington  formation  may 
be  noticed,  not  so  much  for  their  size,  though  they  are  large, 
as  for  the  beauty  of  their  surroundings  and  the  purity  and 
coldness  of  their  waters.  These  are  the  Little  Yosemite 
springs,  Tp.  29  N.,  B.  XX,  Sec.  28,  Ne.  i,  the  Ozark  spring  on 
the  south  side  of  the  Finely,  between  the  town  of  Ozark 
and  the  railway  station;  the  Johnson  spring  on  the  Johnson 
farm  a  few  miles  north  of  Sparta,  the  Tallman(  old  Hayden) 
springs,  Tp.  27,  B.  XX,  Sec.  12,  E.  ^,  on  the  west  bank  of 
Petelo  creek,  which  in  early  days,  helped  to  run  a  mill  and  dis- 
tillery, the  Twin  springs  on  Tyrrell  creek,  Tp.  27,  B.  XXII,  Sec. 
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2,  Nw.  i,  and  the  Sweet  and  Wright  springs  Tp.  30,  E.  XXI, 
Sec.  17. 

The  springs  issuing  from  the  Ohoateaa  limestone  are  not 
very  large  bat  they  are  nsnaily  connected  with  pictnresqae 
scenery  and  are  almost  always  points  showing  good  geological 
sections.  A  few  of  the  more  typical  ones  may  be  ennmerated ; 
the  Eathbone  spring  Tp.  29,  E.  XXI,  Sec.  3,  Nw.  i,  the  Barn- 
ard spring,  Tp.  28  N.,  B.  XIX  W.,  Sec.  23,  just  north  of  Pan- 
ther den,  the  Peacher  spring  at  Henderson,  the  Linden  spring 
at  Linden  and  the  Hnnt  Mill  spring  on  a  branch  of  the  Sac 
in  Tp.  30,  B.  XXI,  Sec.  22.  In  the  last  one  mentioned  there  is 
a  fall  of  about  50  feet  in  a  few  hundred  yards,  which  gives  a 
good  head  for  manufacturing  purposes. 

The  springs  of  the  Einderhook  sandstone  and  shales  are 
very  small,  frequently  mere  seepage  springs,  forming  svet 
clayey  slopes.  The  water  is  almost  invariably  impure  and  un- 
wholesome, due,  no  doubt  to  the  decomposition  of  the  pyrites 
contained  in  the  shales.  Wells  sunk  in  this  formation  almost 
always  contain  purgative  salts,  as  in  the  case  of  one  on  the 
Cochran  farm  (Tp.  31  N.,  E.  XXI  W.,  Sec  6. ). 

The  springs  of  the  Devonian  are  small,  and  almost  always 
seepage  springs.  The  water  is  frequently  contaminated  from 
the  Hannibal  shales  above. 

The  springs  the  of  Silurian  limestones  are  also  small  and  the 
water  is  rather  warm.  Their  size  is  probably  due  to  the  fact 
that  these  beds  are  rarely  thick  enough  in  this  area  for  any 
great  accumulation  of  water.  Sand  spring,  just  outside  of  the 
county,  Tp.  31  N.,  E.  XIX  W.,  Sec.  26,  is  one  of  the  most  im- 
portant of  all  the  springs  coming  from  the  Silurian  rocks  within 
the  limits  of  the  area.  The  water  bubbles  up  at  the  side  of 
the  road  in  several  pools,  and  with  a  slaggish  flow,  drains  off 
into  a  shallow  draw  to  the  east. 

MINBBAL  WATBBS. 

There  are  few  mineral  springs  in  this  area.  Those  at  Gray- 
don  springs  near  the  extreme  northwestern  corner  of  the  area 
are  the  most  important.    They  are  situated  near  the  head  of  a 
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small  valley  that  opeDS  into  the  Sac.  There  are  a  Damber  of 
small  weak  springs  that  have  their  soarces  in  the  Oraydoa  sand  - 
stone  at  this  point. 

Twin  Springs,  These  are  the  best  known  of  the  groap. 
One*of  them  has  weak  salphnr  chalybeate  waters,  and  is  called 
the  Salphnr  springs,  while  the  adjoining  one  is  a  chalybeate 
spring  with  only  a  faint  trace  of  salphnr.  Althongh  only  sepa- 
rated by  a  thin  slab  of  sandstone,  they  probably  receive  their 
supplies  from  different  soarces.  The  water  of  both  springs  is 
rather  warm,  62°  F.,  and  is  an  nnnsaally  agreeable  chalybeate 
salphar  water.  Althoagh  they  have  only  a  local  reputation, 
they  deserve  a  mach  wider  recognition  for  their  excellent  tonic 
qaalities.  The  other  springs  of  this  groap  possess  similar 
characters,  bat  vary  somewhat  in  the  amonnts  of  mineral  con- 
stitaents. 

The  examination  of  the  sandstones  below  the  springs  in- 
dicates clearly  the  origin  of  the  salphar  and  iron  in  the  abund- 
ance of  the  **  pyrite  balls."  The  decomposition  of  the  pyrites 
in  the  beds  through  which  the  percolating  waters  pass  before 
issuing  at  the  springs,  gives  rise  to  the  sulphuretted  hydrogen 
and  iron  carbonate  with  which  the  waters  are  charged. 

A  small  but  well-kept  hotel  was  built  near  the  springs 
about  four  years  ago  by  Blystone  and  Bummell.  It  has  proved, 
however,  wholly  inadequate  to  accomodate  the  number  of 
guests  who  visit  this  locality  during  the  summer  season. 

The  springs  issuing  from  the  Hannibal  shales  have  already 
been  referred  to  in  the  description  of  that  formation.  They 
are  all  more  or  less  impregnated  with  mineral  matter  derived 
from  the  decomposition  of  the  shales  through  which  they  pass ; 
yet  they  do  not  belong  to  the  class  of  mineral  springs  proper. 

With  the  exception  of  two  small  chalybeate  springs,  no 
other  true  mineral  waters  are  known  in  this  area.  One  of 
them  is  just  under  the  dam  at  the  pond  at  the  Bitter  mill  (Tp. 
29  N.,  B  XXII  W.,  Sec.  4).  This  can  only  be  utilized  at  low 
water, as  the  stream  overflows  it  at  other  times ;  but  its  waters 
are  strongly  impregnated  with  iron,  and  its  accessibility  to 
Springfield  would  make  it  well  worth  walling  up. 
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Another  small  chalybeate  spring  is  foand  at  the  foot  of 
the  ferraginons  sandstone  bloff  in  the  bed  of  Pomme  de  Terre, 
at  its  head  (Tp.  30  N.,  E.  XX  W.,  Sec.  26,  Ne.  qr.). 

Specif  c  Springs.  An  effort  has  been  made  to  establish,  as 
mineral  waters,  a  number  of  springs  issuing  from  the  Upper 
Burlington  limestone.  Such  are  the  Specific  springs  in  Beilly 
and  Heffernan's  park,  one  of  the  popular  resorts  in  the  vicinity 
of  Springfield.  These,  however,  differ  in  no  respect  from  the 
other  cool  and  sparkling  springs  of  the  neighborhood. 

Betkeada  Springs,  A  few  miles  northwest  of  Springfield, 
Tp.  30  N.,  E.  XXII  W.,  Sec.  20,  Sw.  qr.,  are  several  springs 
which  have  had  a  local  reputation  in  the  past,  and  several 
houses  and  cabins  have  been  built  in  the  vicinity.  They  are 
situated  in  the  lower  bed  of  the  Upper  Burlington,  and,  like 
many  others  in  this  region,  can  hardly  be  regarded  as  mineral 
springs. 

MISCELLANEOUS. 
OOPPBB,   SILYBB  AND   GOLD. 

Before  closing  this  section  on  the  economic  products  of 
the  area  under  discussion,  it  seems  wise  to  speak  briefly  of 
copper,  silver  and  gold.  The  first,  copper,  has  never  been 
found  in  the  district,  with  the  exception  of  stains  of  copper 
carbornate,  and  copper  pyrites  which  are  rarely  found  in  cal- 
cite  and  limestone*  in  minute  traces.  Swallow,  in  his  geologi- 
cal report  on  the  Southwestern  Branch  of  the  Pacific  Eailroad, 
J859,  quotes  from  Broadhead  the  following  localities  in  Greene 
county  where  copper  has  been  found:  *'On  Sec.  19,  Nw.  of 
8w.  qr.,  Tp.  30,  E.  24,  very  small  traces  of  copper  were  found 
associated  with  calc  spar,  and  traversing  the  lower  silicious 
beds  ('Turnback  rocks')  of  the  encrinital  limestone  in  about 
an  E.  and  W.  direction.  At  William  Haralson's,  on  W.  half  of 
Sec.  10,  Tp.  20,  E.  24  W.,  a  pit  has  been  sunk  fourteen  feet 
deep  through  the  lower  beds  of  the  encrinital  limestone.  The 
ore  found  here  is  the  sulphuret  and  green  carbonate,  in  a 
gangue  of  coarse  opaque  buff-colored  calc  spar,  adhering  to 
large  crystals  of  white  sub-transparent  calc  spar,  the  copper 
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ore  more  often  oocapying  the  line  between  the  two  varieties 
of  spar.  Some  mioing  has  been  done  here,  bat  do  profitable 
results  have,  as  yet,  been  derived.  This  shaft  was  sank  in  the 
edge  of  a  valley  leading  into  the  valley  of  the  Sac  river,  and 
aboat  three-fourths  of  a  mile  from  that  stream.  Fragments  of 
copper  ore  have  been  fonnd  at  several  places  along  the  valley." 

There  is  very  little  probability  that  any  workable  bed  of 
copper  ore  will  be  discovered  within  the  limits  of  this  terri- 
tory. 

The  "Turnback  rocks"  and  ^* encrinital "  limestone  re- 
ferred to  above  are  the  Upper  Burlington  limestone. 

From  the  earliest  settling  of  the  country  to  the  present 
time,  rumors  and  traditions  of  old  Spanish  mines  and  smelters 
for  silver  have  been  treasured  up  throughout  the  whole  South- 
west, and  these  stories  have  been  so  frequently  met  with  as  to 
justify  some  statements  in  regard  to  the  subject.  No  silver 
has  ever  been  found  in  paying  quantities  in  the  area,  nor  is  it 
likely  that  it  ever  will  be  found.  All  galena  carries  a  greater 
or  less  amount  of  this  metal,  but,  so  far,  none  has  been  found 
here  which  carried  enough  to  justify  working  for  silver.  The 
stories  in  regard  to  ancient  mines  and  smelters  all  point,  un- 
doubtedly, not  to  the  work  of  Spanish  miners,  but  to  that  of 
the  early  settlers  of  this  region  who  "  gophered  "  for  lead  ore. 
Senator  S.  W.  Headley  states  that,  as  far  back  as  1840  or  '45, 
the  sons  of  Mr.  Bedell,  one  of  his  neighbors,  used,  periodically, 
to  visit  the  farm  now  owned  by  James  H.  Oash.  in  Tp.  31,  R. 
XXL  Sec.  32,  Se.  ^,  where  they  dug  enough  lead  to  run  out 
the  bullets  used  for  hunting.  It  has  constantly  been  a  source 
of  surprise  to  the  writer  that  people  so  soon  forget  the  old 
mining  camps  which  are  in  their  immediate  vicinity.  In  Web- 
ster county,  where  such  large  tracts  have  been  worked  over, 
and  where  the  surface,  for  so  many  acres,  is  pitted  with  aban- 
doned shafts,  there  were  numerous  cases  where  people  who 
had  lived,  for  many  years,  within  two  miles  of  these  diggings 
had  never  heard  of  them.  Others,  when  their  attention  was 
called  to  the  matter,  remember  that  there  were  such  places, 
but  could  not  locate  them.     In  a  new  and  thinly  settled  conn- 
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try,  where  people  are  constantly  moving,  these  matters  are 
soon  lost  sight  of,  and,  when  rediscovered,  are  naturally  referred 
to  a  more  remote  period  than  that  to  which  they  really  belong. 

It  has  freqnently  been  said  that  both  the  Spaniards  and 
Indians  left  markings  upon  the  rocks  by  which  secret  mines 
coald  be  located.  One  of  these  "marks"  discovered  not  long 
ago  proved  to  be  the  fragmentary  remains  of  a  fossil  coral 
evaotinopora  ( probably  quingueradiataj  Ulrich ),  that  resembled 
a  star  in  shape,  and  which  the  exhibitor  preserved  with  great 
care,  implicitly  believing  that  it  was  the  clae  to  some  unknown 
deposit  of  precious  metal. 

Of  late  years,  the  peculiar  rocks  of  the  Devonian  beds 
have  constantly  led  the  ''old  miner"  into  a  belief  that  they 
carried  some  of  the  ores  of  the  precious  metals.  This  had 
been,  apparently,  confirmed  in  many  cases  from  the  fact  that 
the  Sac  limestone  carries  finely  dissemminated  pyrites,  which, 
when  smelted,  in  a  blacksmith's  forge,  as  has  been  frequently 
done,  gives  a  metal  called,  by  some,  '^  white  metal,"  and  by 
others  '' silver" — the  real  substance  being  essentially  iron.  At 
several  points,  quite  extensive  mining  has  been  done  in  these 
beds  for  the  supposed  silver.  Messrs.  Johnson  and  Oook  have 
sunk  several  shafts  near  the  middle  of  Tp.  30,  R.  XX,  Sec.  29, 
one  to  the  depth  of  84  feet.  They  claim  to  have  obtained  con- 
siderable silver  from  this  locality,  although  a  sample  of  what 
they  believed  to  be  nearly  pure  silver,  upon  assay  was  found 
to  be  nearly  pure  lead,  with  hardly  a  trace  of  silver.  The 
record  kept  in  these  shafts  has  been  of  value  in  determining 
the  thickness  of  the  horizons  of  that  region. 

The  Deleware  Mining  company  has  sunk  several  shafts  in  this 
formation,  the  Devonian  beds,  in  Tp.  27,  B.  XXII,  Sec.  29,  Sw. 
}  of  Se.  i,  on  the  James  river.  The  sections  from  their  shafts, 
as  well  as  from  Mr.  Johnson's,  have  already  been  given  in  the 
chapter  on  the  Devonian.  This  company  smelted  a  white 
metal  which  they  believed  to  be  silver,  but  which  was,  undoubt- 
edly, iron  derived  from  the  pyrites. 
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No  gold  has  ever  been  foand  in  this  area,  and  the  geologi- 
cal conditions  are  sach  that  there  is  little  or  no  probability  of 
its  ever  being  discovered  here. 

PBTBOLBUM. 

It  is  freqnently  asked  if  petroleam  and  natural  gas  may 
not  be  fonnd  in  this  region,  and  nnmeroas  attempts  have  been 
made  to  raise  funds  to  carry  on  the  work  of  sinking  wells  in 
search  of  them ;  bat  in  the  light  that  geology  offers,  it  can  be 
asserted  that  all  snoh  attempts  are  nseless,  certainly  so  within 
the  limits  covered  by  this  report.  This  is  also,  generally  speak- 
ing, trne  of  artesian,  or  flowing  wells.  Traces  of  petroleam 
have  been  found  at  several  places  within  the  area,  as  at  the 
"  Oil  spring''  at  Graydon,  and  in  a  well  on  the  farm  of  Mrs. 
W.  H.  Ohilders,  in  Tp.  28,  R.  XXII  W.,  Sec.  16,  Sw.  i  of  Nw.  i, 
but  they  are  mere  traces,  only  a  few  drops  accumulating  on  the 
surface  of  the  water  over  night.  The  reasons  for  the  asser- 
tions respecting  petroleum  and  natural  gas,  as  well  as  flowing 
artesian  wells,  are  as  follows :  an  impervious  or  "  cap  "  rock  is 
essential  for  the  preservation  of  both  gas  and  petroleum,  and 
there  is  no  such  impervious  stratum,  as  will  be  seen  by  the 
description  of  the  rocks  of  this  area.  Again,  the  geological 
horizons  of  this  territory,  as  will  be  seen  in  the  section  on 
Stractural  Geology,  are  frequently  very  much  flexed,  folded, 
shattered  and  deeply  fissured,  furnishing  favorable  conditions 
for  the  deposit  from  below,  of  the  lead  and  zinc  soon  to  be 
spoken  of,  while  the  conditions  would  be  favorable  for  the  es- 
cape of  any  gas  or  oil  that  might  have  accumulated.  Thus 
the  very  agent  that  helped  to  bring  up  the  rich  deposits  of  min- 
eral, is  also  responsible  for  the  escape  of  the  gas  or  oil  that  might 
have  existed.  No  instance  is  known  throughout  our  country 
where  lead  and  zinc  are  found  in  the  immediate  vicinity  of  gas 
and  oil.  The  same  conditions  of  Assuring  and  flexuring,  and 
the  fact  that  this  territory  lies  across  the  crest  of  the  Ozark 
uplift,  precludes  the  probability  of  a  flowing  or  artesian   well. 
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U,    S.    DEPARTMENT    OF    AGRICULTURE,    WEATHER 

BUREAU. 

Springfield,  Mo.   Latltade  37, 12'.    Longitude  93, 16'.    Elevation  1,360  feet. 

The  following  chapter  on  the  climatology  of  Springfield 
and  the  sarronnding  region  has  been  prepared  by  T.  S.  OollinSf 
of  the  United  States  Weather  Bareaa.  The  important  bearing 
of  this  snbjeot  apon  many  problems  involved  in  dynamical  and 
phystographical  geology  will  make  this  section  a  valuable  ad- 
dition to  the  knowledge  obtained  concerning  the  area  covered 
by  this  report. 

GLIMATOLOGT. 

There  are  so  many  elements  which  go  to  make  np  the 
climate  of  any  particalar  place  that  it  is  often  difficalt  from 
statistics  published  to  determine  the  seasonal  changes.  One 
of  the  most  important  elements  of  any  climate  is  its  range  of 
temperature ;  next  in  importance  is  its  rainfall,  and  next  the 
amount  of  sunshine  during  the  year. 

The  section  of  country  west  of  the  Mississippi  river  known 
as  the  Missouri  valley  district,  which  embraces  the  Dakotas, 
Nebraska,  Iowa,  Kansas  and  Missouri,  marks  the  greatest 
ranges  in  temperature  of  any  section  of  the  United  States. 
This  is  due  to  the  small  amount  of  aqueous  vapor  in  the  air 
which  permits  rapid  evaporation  in  winter,  and  a  high  degree 
of  insolation  in  summer. 

In  the  Dakotas  and  Montana  the  annual  ranges  in  tempera- 
ture exceed  140  degrees,  and  an  extreme  range  of  173  degrees 
has  been  noted  at  Poplar  river,  in  the  latter  state.  This  great 
range  is  largely  due  to  the  dryness  of  the  air  over  those  states. 

The  monthly  ranges  of  temperature  in  the  upper  Missouri 
valley  are  extreme,  117  degrees  being  recorded  at  Fort  Benton, 
Mont,  in  December,  1880. 

The  daily  ranges  of  temperature  are  of  far  more  im- 
portance, and  exert  a  more  vital  influence  on  human  life  than 
do  the  monthly  or  yearly  ranges,  as  violent  or  extreme  changes 
in  temperature  within  a  few  hours  seriously  injure  vegetable 
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and  aDimal  life  and  growth.  Ov^er  the  greater  part  of  the  Mis* 
sonri  valley  and  westward  to  Texas,  the  daily  ranges  of  temp- 
eratare  vary  from  20  to  35  degrees,  the  highest  ranges  occar- 
ring  in  the  summer  months,  from  May  to  Jnly,  inclasive.  In 
winter  a  daily  range  of  20  to  25  degrees  is  attended  by  great 
snffering  to  hamanity,  while  the  same  daily  range  in  snmmer  is 
conducive  to  a  good  night's  rest. 

During  the  past  decade  the  extreme  range  of  temperature 
at  this  place  has  been  119  degrees,  that  is,  the  thermometer 
reading  has  been  as  high  as  102  degrees  on  September  14, 1893, 
and  as  low  as  17  degrees  below  zero  on  January  24, 1894,  while 
the  average  daily  range  has  been  20  degrees. 

The  greatest  daily  range  is  during  the  last  two  winter 
months,  and  from  March  to  July,  inclusive ;  also  during  Sep- 
tember and  October.  The  cold  wave  period  extends  through 
January,  February  and  March,  and  those  are  the  most  trying 
months  of  the  year  on  invalids. 

In  January,  the  average  number  of  days  during  the  past 
ten  years  on  which  there  have  been  falls  of  20  degrees  or  more 
in  temperature  in  24  consecutive  hours,  and  to  a  minimum  of 
30  degrees  or  less,  was  35  in  February;  in  March,  2;  showing 
conclusively  that  what  is  known  as  the  ^* Dakota  blizzard" 
seldom  reaches  this  far  south,  and  when  felt  here  its  force  has 
been  spent. 

The  heat  of  summer  is  an  important  factor  in  the  climate 
of  any  section,  and  therefore  the  following  table  will  be  of 
interest : 

Number  of  days  on  which  the  temperature  was  above  90 
degrees  during  the  past  ten  years. 

Year. 


1888  . 

1889  ., 

1890  .. 
1891.. 
189'i  .. 
1893  . 
1894... 
1895.., 
1896  . 
1897... 


1 

14 

6 

0 

7 

0 

6 

12 

6 

2 

I 

9 

'i 

8 

8 

7 

9 

4 

8 

B 

9 

0 

1 

0 

11 

IS 

1 

14 

9 

0 
0 
0 
0 
0 
10 

1 

2 

5 

11 
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The  night  temperatare  is  a  matter  of  mnch  moment  not 
only  to  invalids  and  aged  people  whose  reonperative  powers 
have  been  enfeebled,  bat  also  to  the  bnsiness  man  and  the 
laborer,  to  whom  the  period  of  rest  and  relaxation  from  toil, 
when  exhausted  nature  renews  its  energy  is  of  vital  interest. 
Experience  has  demonstrated  that  in  this  climate  a  night  tem- 
peratare of  70  degrees  or  less  iasares  a  good  night's  rest,  and 
the  following  table  will  be  of  interest  in  this  partioalar : 

Number  of  days  during  the  past  ten  years  on  which  the 
temperature  at  night  remained  above  70  degrees. 


Year. 

June. 

July. 

Aug. 

Sept. 

188S 

0 

10 

8 

0 

1889 

0 
8 

7 
10 

U 
8 

0 

1890 

0 

18»l  

0 

8 

0 

189i 

6 
2 

6 
0 

0 

IbtfS — 

2 

18»4 

1 

8 

U 

1895 

5 

9 

I 
IK 

8 

1896  ...••• 

0 

1S97 

tf 

18 

6 

7 

Maximum  and  minimum  temperature  and  the  monthly 
averages  for  the  following  years  1888  to  1807  : 


Years. 

Months. 

ft 

B 

G 

5 

S 
D 

B 
B 

• 

n 

D 

• 
• 
• 
• 
• 
• 

1888 

Jannarv. , . ,. , . , ,  - 1  - 1 r » 

68 
60 
74 
61 
59 
65 
70 
70 
64 
66 

69 
65 
76 
72 
66 
60 
69 
66 
71 
72 

74 
75 

68 
79 

11 

4 
4 

14 

10 

0 

17 

12 

4 

1 

5 

1 

2 

6 

22 

1 

2 

17 

18 

10 

18 

19 

6 

9 

8 

28 

1889 

<< 

as 

1890 

« < 

H9 

1891 

« ( 

86 

18il2 

•  « 

28 

1893 

«i 

80 

1894 



« . 

86 

1896 

«« 

28 

« « 

85 

1897 

•  • 

37 

1888 

Fetimarr .      , , ,,.,-, 

.S8 

1889 

«( 

88 

1890 

«« 

40 

1891 

«« 

.S6 

1892 

«  c 

41 

j^^yrt  •  •  ■  • 

s« 

88 

1894 

I  • 

82 

1895 

« « 

25 

« « 

38 

1897. ... 

« « 

38 

1888. ... 

ICarch 

48 

18K9 

<  < 

46 

18M0.... 

«« 

48 

l*<i)l.... 

•  •             A 

40 

iHJi..., 

..            • 

41 
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Years. 

S  J 
Months.                    7 

B 

B 

a 
B 

B 

B 

• 

a 

1S98.... 

Mar 

<  1 

« 1 

•  1 
II 

Apr 
( 1 

1 « 

1 « 

1 1 

« 1 

« 1 

I  ( 

I I 
1 « 

Maj 
« 1 

« « 

« 1 

« 1 

•  ( 

« < 

( « 

1 « 

Jun 
1 « 

« < 
t  ( 

t  * 

<  ( 

c  « 

( t 

Jul] 

<  < 

S  I 

« « 

•  < 
«  1 
« < 
« 1 
«  « 

Aug 

•  < 

« 

1 1 
f  < 

( < 
1 

« ( 
1 1 

Sep 

Ch 81 

3 
13 
10 
14 
14 

31 
35 
32 
26 
29 
31 
34 
34 
28 
34 

34 

37 
36 
39 
36 
40 
38 
40 
47 
39 

50 
48 
54 
67 
50 
51 
48 
56 
60 
46 

62 
56 
59 
53 
54 
61 
56 
65 
57 
56 

54 
57 
66 
44 

50 
48 
55 
59 
57 
52 

40 

88 

88 
44 
44 
40 
42 
87 
40 
44 

44 

1«94.... 

82 

50 

1895. . . . 

86 

44 

1S96.... 

76 

40 

1S97. . . . 

'   76 

47 

1*«8. . . . 

11 84 

GO 

1N89. . . . 

82 

57 

1S90. . . . 

88 

58 

1S91.... 

82 

58 

1S92.... 

85 

55 

1S93. . . . 

88 

58 

1S94.... 

87 

58 

1895. . . . 

84 

58 

1896. . . . 

85 

63 

1897. . . . 

81 

55 

1S88.... 

' 82 

63 

1889. . . . 

86 

63 

1890. . . . 

88 

63 

1891.... 

86 

62 

1892. . . . 

83 

63 

18<«..,. 

84 

63 

1894. . . . 

87 

64 

1895.... 

63 

IslW. . . . 

70 

1897. . . . 

1 
6:^ 

1888.... 

72 

1889. . . . 

96 

67 

1890. . . . 

76 

1891.... 

ffi 

'^'A 

1892.... 

73 

1893.... 

90 

73 

1894.... 

.          Ol 

74 

l'<95.... 

89 

78 

1896.... 

72 

]S97.... 

91 

7a 

1888.... 

"• 99 

79 

1889. . . . 

l>^■90.... 

96 

78 

1»<91.... 

7'i 

1H92. . . . 

96 

75 

1893.... 

77 

1894.... 

97 

75 

1895.... 

73 

1896. . . . 

95 

•••• 

1S97. . . . 

7S 

1H88. . . . 

74 

1889.... 

'   89 

mm 

1890. . . . 

74 

1891.... 

'   94 

7il 

1892. . . . 

76 
74 
75 
75 

189«.... 

'   92 

1S94.... 

'   97 

1MI3.... 

'   91 

1^96.... 

77 

1S97 

'   9H 

76 

1S88. . . . 

tember 89 

M 

lhS9.... 

64 

IMiC... 

••     87 

6d 

18H1.... 

71 

1S92.... 

••     90 

69 

189.<.... 

72 

WJl 

'  •     9J 

68 

1S95 

71 
67 
76 

1890. . . . 

••     92 

1897.... 
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Years. 


Months. 


fB 

S 

S 

li' 

to^ 

A 

H 

D 

P 

B 

5 

a 

G 

p 

B 

5 

18S8 

Ocfoto 
Novel 
Decei 

er 

82 

84 
84 
87 
85 
88 
84 
76 
83 
90 

79 
71 
78 
78 
67 
72 
72 
70 
74 
77 

64 
RO 
74 
64 
K5 
72 
67 
68 
60 
68 

88 
82 
29 
80 
80 
81 
82 
28 
88 
86 

27 
14 
29 
10 
24 
14 
14 
16 
9 
18 

R 
18 
18 
11 
18 
10 
1 

2 

4 

16 

54 

iHsy. . . . 

57 

IWK) 

56 

1891.... 

67 

1S92.... 

69 

J i>«70«  •  •  • 

68 

1894 

r9 

1KJ5 

58 

IHIM. . . . 

65 

1K«7 

66 

1888.... 

nber 

48 

41 

48 

1891 

41 

1892.... 

48 

1S1« 

48 

1891 

45 

1895.... 

48 

1896..   . 

44 

1H97 

46 

1S87 

nber 

.^8 

1S88 

88 

1KH<»..., 

52 

IHiHI, ... 
1891.... 

•     ••«•■••••••••«•     •■•«     ••••••.«■•••■•■           «••••■••••••«• 

40 
42 

1892 

88 

189S.... 

1                                 «  •  •  • 

39 

1894 

88 

18^5  ... 

86 

1S96  ... 

42 

• 

Annual  mean  for  the  decade  55  degrees. 

The  seasonal  conditioDS  as  affected  by  the  hamidity  of  the 
atmosphere  in  this  locality  favor  the  growth  and  inatarity  of 
all  cereal  crops,  while  the  soil  conditions  in  connection  with 
the  liberal  rainfall  seem  especially  adapted  to  the  trae  growth. 

The  following  table  shows  the  rainfall  by  months  daring 
the  past  decade,  and  the  average  hamidity  of  the  air  : 


Years. 

IMXS    ... 

Jane 

1KH'»   ... 

IWK). . . . 

1891    .. 

1892  .. 

IS98  .. 

1H94.... 

1SH5  .. 

lH9fl.... 

1h;»7  ... 

Month. 


1.42 

84 

80 

2.45 

86 

76 

5.M 

87 

79 

2.10 

85 

74 

8.28 

82 

70 

.84 

88 

67 

2.8S 

79 

fvS 

2.83 

80 

72 

1  50 

81 

G5> 

6.47 

82 

76 

82 
81 
►8 
SO 
7« 
75 
78 
76 
<•> 
79 
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Years. 


Month. 


Op 


ao5 

BS 


00 

B 


9 

to 

0 


1888  . 

1889... 

1890... 

1891... 

1892  .. 

189«... 

1894,.. 

1895  . . 

1896  . . 
1897... 

1888... 

IcTcKJ.  .  • 

1890... 

1891  .. 

1892..., 

1893.. 

1894.. 

1895... 

1K96..., 

1897... 

1888  .. 
1889... 
1890. . . 
1891... 
1892... 
1898... 
1894... 
1895... 
1896... 
1997... 

1889... 

1890... 

1891... 

1892... 

jo9u. . . . 

1894.. 

1895... 

1896. . . 

1897... 

InOo. . . 
18S9. . . 
1890. . . 
1891... 
1892... 
1893... 
1894... 
1895. . . 
1896. •  • 
1897... 
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GBOLOGT  OF  OBBBNB  GOUNTT. 


SUNSHINB. 

The  claim  is  not  made  from  the  Ozark  plateau  that  the 
fikies  of  this  section  outrival  in  brightness  those  of  "  Sanny 
Italy, "  bat  it  is  asserted  that  the  average  number  of  clear  days 
in  Soathwest  Missouri  will  compare  very  favorably  with  any 
section  of  the  Missouri  valley,  and  as  this  feature  of  its  cli- 
matic conditions  is  one  of  its  greatest  charms,  the  following 
table  giving  the  number  of  clear,  partly  cloudy,  cloudy  and 
rainy  days  during  the  decade  from  1887  to  1897  will  be  of  in- 
terest : 
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OLINTON  SHBBT. 


INTRODUCTION. 


LOOATION  AND  ABBA. 

The  Olinton  sheet  oocnpies  the  western  half  of  Henry 
oonnty,  and  takes  its  name  from  the  city  of  Olinton  its  most 
important  indnstrial  center.  The  area  covered  is  a  qnadri- 
lateral  of  15'  extent  in  latitude  and  longitnde.  It  is  included 
between  the  lines  ^""W  and  38''30'  of  latitude,  and  93''45'  and 
94^  of  longitnde  west  of  Greenwich.  Its  position  in  the  state 
is  west-central.  It  lies  aboat40  miles  east  of  the  Kansas  state 
line,  150  miles  from  the  southern  bonndary  of  Iowa,  180  miles 
from  the  Mississippi  river,  and  120  miles  firom  the  northern 
Arkansas  line.  The  location  with  reference  to  the  coanty  mid- 
line is  shown  in  the  subjoined  diagram  ( figure  1 ).  The  area  is 
about  230  square  miles. 


Figure  1.    Position  of  the  Clinton  Sheet. 
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PHYSIOGRAPHY  OF  THE  REGION. 
GBNBBAL  SUBFAOB  BBLIBF. 

The  rockB  of  weBt^m  Missouri  dip  northwestward  at  a 
slightly  greater  rate  than  the  inclination  in  the  northwestern 
part  of  the  state.  They  are  all  sedimentaries  of  Paleozoic  age, 
undisturbed  by  faults,  folds  or  eruptive  intrusions.  They  con- 
sist of  shales,  sandstones  and  limestones  dipping  westward  in 
conformity  with  the  general  slant  of  the  Ozark  slope.  The 
present  topographic  features  are  characteristic  of  a  well  ad- 
vanced stage  of  erosion  on  rocks  of  similar  nature  and  arrange- 
ment. 

Topographic  features  everywhere  depend  upon  the  stage 
of  advancement  in  the  cycle  reached  by  the  destructive  forces. 
In  the  early  part  of  the  cycle  the  features  are  dominated  by 
the  constructional  form.  As  the  cycle  progresses  the  destruc- 
tional  forms  become  more  and  more  prominent,  gradually  de- 
stroying all  signs  of  the  constructional  forms.  The  greatest 
variety  of  relief  will  exist  about  the  time  of  the  later  disap- 
pearance of  the  constructional  form.  The  destructive  forces 
are  then  more  active.  The  soft  rooks  waste  away  very  rapidly, 
while  the  harder  beds  show  a  relatively  small  amount  of  ero- 
sion. The  soft  beds  waste  away  with  lowland  belts  running 
along  their  strike,  while  the  harder  beds  are  left  in  relief  as 
ridges.  This  is  the  result  regardless  of  the  direction  of  the 
drainage.  The  exact  details  of  relief  at  this  stpge  varies  with 
the  rock  structure. 

In  a  region  of  gently  dipping  beds  of  alternately  hard  and 
soft  rocks  the  features  at  maturity  of  the  cycle  are  character- 
ized by  belts  of  lowland  and  highland,  the  former  following  the 
strike  of  the  soft  rocks,  the  latter,  that  of  the  hard  beds.  The 
highlands  slope  gradually  in  one  direction,  down  the  dip  of  the 
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beds,  and  generally,  for  some  distanoe  dovrnward  from  the 
crest,  oonform  to  the  surface  of  the  hard  bed.  In  the  other 
direction  the  slope  is  steep  and  lies  across  the  broken  edge  of 
the  bard  bed.  The  lowlands  pass  imperceptibly  upward  into 
the  highland  belt  on  one  side,  and  are  abruptly  terminated  on 
the  other  side  by  the  escarpmented  edge  of  the  highland. 

The  conditions  as  to  structure  and  ehai^oter  described 
above  obtain  in  western  Missouri  in  the  district  covered  by  Vb^ 
Olinton  sheet.  The  rocks  dip  gently  northwestward  and  are 
alternately  hard  and  soft.  The  lowest  rocks  involved  in  the 
topography  near  the  Olinton  area  are  the  resistant  chert-bear-^ 
ing  lower  Oarboniferons  limestones.  They  constitute  one  of  the 
most  pronounced  series  of  resistant  beds  in  the  region.  These 
are  overlain  by  the  basal  sandstones  and  shales  of  the  coal 
measures  and  constitute  a  series  of  soft  beds.  These  are  in 
turn  overlain  by  more  resistant  limestones.  Still  higher  is 
another  setof  shales  capped  in  turn  by  limestone,  near  the 
western  boundary  of  the  state.  These  rocks  strike  northeast- 
ward and  give  rise  to  a  similar  trend  of  the  main  geographic 
features,  notwithstanding  the  streams  all  flow  eastward.  The 
eastern  edge  of  thelower  Oarboniferons  limestones  lies  well 
upon  the  sides  of  the  Ozark  dome  and  far  east  of  Henry  countyr 
The  broad  westwardly  sloping  plain,  which  extends  from  its 
eastern  outcrop  and  corresponds  to  the  upper  surface  of  its 
beds,  is  odc  of  the  most  pronounced  topographic  units  of  the 
state.  It  dips  gradually  westward  until  it  passes  below  drain- 
age level  and  is  then  overlain  by  the  soft  coal  measure  shales 
which  are  worn  down  into  a  lowland.  The  belt  is  bordered 
northwestwardly  by  the  eastern  edge  of  the  next  overlying  hard 
bed  which  forms  an  escarpment,  with  a  moderately  steep  east- 
ward face  and  with  a  slight  slope  in  that  direction.  This  is  suc- 
ceeded westward  by  another  lowland  worn  on  soft  beds,  which 
is  also  bordered  westwardly  by  another  eastward  facing  escarp^ 
ment.  The  latter  is  the  eastern  edge  of  a  plateau  which  ex-^ 
tends  westward  into  Kansas. 
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LOni.L    PHTSIOQIUPHY. 

Tbe  area  ocoapied  by  tbe  Oliaton  sheet  ie  traversed  by 
two  of  the  belts  jast  oamed.  Tbe  broad  eloping  plain  of  lower 
Oarboniferons  rooks  is  terminated  by  tbe  burial  of  its  control- 
ing  beds  within  two  miles  of  where  Grand  river  orossee  the 
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figure  2.    rbfilogrepblt!  Belt!  ol  th«  CllntOD  Area. 
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eastern  border  of  the  area.  The  next  belt,  which  is  determined 
by  the  soft  shales  of  the  coal  measnreSf  constitutes  a  lowland 
about  at  grade,  and  embraces  more  than  one-half  the  area  of  the 
district.  The  western  border  of  the  lowland  enters  the  sheet 
near  the  southwestern  corner  and  extends  thence  northeast- 
wardly nearly  to  Orand  river  near  the  center  of  the  area. 
Thence  it  turns  westward  making  a  deep  embayment  up  the 
stream  named  and  its  important  tributaries,  returning  and 
crossing  the  eastern  border  about  three  miles  north  of  Olinton. 
All  the  area  of  the  sheet  lying  southeast  of  this  line  is  included 
within  this  zone.  It  has  been  named  the  Nevada  lowland, 
because  of  its  prominent  development  in  the  vicinity  of  the 
county  seat  of  Yernon  county.  All  the  rest  of  the  area  is  occu- 
pied by  the  next  succeeding  belt  of  upland.  That  part  within  the 
Olinton  sheet  includes  a  part  of  its  ragged  and  faintly  developed 
eastward  facing  escarpment,  and  a  small  portion  of  the  upper 
eurface.  The  distribution  of  the  physiographic  belts  over  the 
area  is  shown  in  the  accompanying  cut  ( figure  2). 

That  part  of  the  Nevada  lowland  included  within  the  area 
of  the  Olinton  sheet  is  a  low  and  very  gently  undulating  plain. 
Its  elevation  above  the  floodplains  of  Orand  river  and  the 
Deepwater  is  less  than  75  feet,  and  over  large  areas  it  is  less 
than  50  feet.  The  whole  area  is  nearly  down  to  grade.  The 
streams  have  broad  floodplains  bordered  by  gently  sloping 
bluffs,  excepting  at  points  where  the  watercourses  now  flow 
against  them. 

In  the  southeastern  corner  of  the  sheet  lenses  of  sand- 
stone occur  interbedded  with  the  softer  shales.  Where  these 
are  cut  by  the  streams  the  floodplain  is  very  much  narrower 
than  in  the  shale.  When  they  are  of  considerable  size  and 
have  been  uncovered  they  are  left  in  relief,  producing  some 
irregularity  in  the  otherwise  smooth  plain.  Deepwater  creek 
cuts  a  lens  of  this  kind,  two  and  one-half  miles  northwest  of 
Deepwater  village. 

The  escarpment  bounding  the  Nevada  lowland  on  the 
northwest  is  not  a  conspicuous  feature  within  the  area  of  the 
Olinton  sheet.    It  is  noticeable  only  in  one  place.    In  the 
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western  part,  jast  soath  of  Grand  river,  the  steep  face,  turned 
toward  the  river  is  traly  esoarpmentlike  and  abont  100  feet 
high.  Elsewhere  it  is  represented  by  mach  more  gradual 
slopes.  It  is  marked  bj  a  series  of  low  moands  a  few  miles 
west  of  Montrose.  The  npland  above  the  escarpment  is  a 
broad,  even  or  gently  andolating  plain  aboat  860  feet  above 
tide  water. 

The  floodplains  of  the  streams  form  so  considerable  a  part 
of  the  total  area  of  the  sheet  that  they  may  be  considered  one 
of  the  features  of  its  relief.  Orand  river  meanders  through  a 
flood  plain  averaging  almost  two  miles  in  width,  while  that  of 
Big  creek  is  but  little  narrower.  The  probabilities  are  that 
this  is  due  to  the  soft  shale  in  which  the  plains  are  cut.  The 
valley  of  Orand  river,  only  a  few  miles  east  of  the  area  of  the 
sheet,  becomes  very  narrow  and  remains  so  to  its  mouth.  The 
explanation  of  the  contraction  of  the  valley  is  undoubtedly 
found  in  the  relatively  resistant  lover Oarboniferons  limestone 
in  which  it  is  cut.  The  wide  valley  above  is  only  the  result  of 
work  for  the  same  length  of  time  in  a  much  more  easily  eroded 
material. 

One  other  explanation  for  the  existence  of  these  wide 
floodplains  has  been  suggested.  It  is  based  upon  a  study  of 
the  meanders  of  this  stream  and  those  of  the  Osage  through 
the  lower  Oarboniferous  and  other  limestones  to  the  east.  It 
explains  these  features  by  supposing  them  to  be  inherited 
floodplain  meanders  of  a  former  cycle  of  topographic  develop- 
ment, when  the  country  stood  lower  than  it  now  does  and 
when  it  was  reduced  to  a  lowland  plain  of  denudation.  While 
at  this  stage  the  streams  meandered  through  wide  floodplains. 
When  the  present  cycle  was  initiated  by  an  uplifting,  the  out- 
ting  downward  of  the  stream  commenced  first  at  the  lower 
margin  of  the  uplift  or  at  the  seashore.  It  worked  gradually 
backward,  that  part  of  the  stream  above  the  actively  cutting 
portion  continuing  to  meander  on  the  old  floodplain.  The  ex- 
planation suggested  supposes  that  this  backward  cutting  of 
the  stream  has  just  reached  the  eastern  part  of  the  area  of  the 
Olinton  sheet,  and  that  3rand  river,  within  this  area  flows  in 
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its  floodplain  of  a  former  cycle  of  development.  If  this  were 
the  trae  explanation  there  would  be  expected  a  more  rapid  fall 
in  the  stream  jast  below  where  it  cnts  below  the  old  flood- 
plain,  the  floodplain  of  the  former  cycle  which  is  supposed  to 
be  preserved  in  the  wide  floodplain  of  that  stream  in  the  area 
of  the  sheet.  There  should  be  also  the  remnants  of  the  old 
floodplain  as  benches  above  the  present  gorge  of  the  river 
dowBHitf^eam  from  the  point  now  reached  in  its  backward  cut* 
ting. 

Instead  of  a  greater  fall  on  entering  the  meandering  part 
of  its  course  there  is  less  fall.  According  to  accurate  level- 
ing, the  total  fell  from  the  eastern  side  of  the  Clinton  area  to 
a  point  about  fifteen  miles  east,  is  only  about  35  feet,  and  in 
this  distance  some  of  the  moct  symmetrical  meanders  found 
anywhere  along  the  course  of  the  stream  are  included ;  while 
from  the  western  side  of  the  area  to  its  eastern  side  the  fall  is 
about  40  feet  and,  this  stretch  is  entirely  within  the  supposed 
old  floodplain.  There  is  no  sign  whatever  of  an  old  flood- 
plain  above  the  gorge  of  the  stream  east  of  the  area.  At  first 
the  bluffs  are  low,  and  from  their  top,  the  country  is  nearly 
level,  but  as  the  lower  Carboniferous  rocks  rise  eastward  the 
apparent  bench  rises  also. 

It  cannot  be  explained  by  supposing  the  "  fall-line "  to 
nave  progressed  upward  until  it  now  lies  within  the  Clinton 
area.  If  this  were  true,  at  least  the  eastern  part  of  the  area 
should  show  an  incipient  benching  of  the  present  floodplain, 
and  a  corrasion  of  the  channel  of  the  stream,  which  does  not 
appear.  There  is  a  rather  clearly  defined  bench  on  the  lower 
course  of  Deepwater  creek,  in  the  vicinity  of  Deepwater,  but 
the  work  done  at  the  lower  stage  is  too  great  to  allow  the  ref- 
erence of  change  of  grade  of  the  stream  to  so  recent  a  date  as 
the  above  suggestion  would  require. 

The  extreme  width  is  considered  to  be  due  to  the  e  xtremely 
soft  rocks  in  which  the  valley  is  cut.  It  contracts  both  east> 
ward  and  westward  immediately  upon  entering  a  strip  of  more 
resistant  beds. 


ABBAB  OF  BQUAI.  BLBTATIOH.  27 

Tbe  bypsometry  of  the  area  is  sbowo  below  (fignre  3); 


FIgurai.    Hrpiotnetric Sketcb of  tbe  Cllntoo  Area. 
DRAINAGE. 

Tbe  eatire  area  fornia  part  of  the  drainage  baaia  of  the 
Osage  river.  All  the  etreama  are  Bmall,  oooe  being  navigable; 
and  all  excepting  Graod  river,  beoonaing  dry,  or  nearly  so,  dnr- 
ing  a  period  of  protracted  drontb. 
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Orand  Blver  rises  in  eastern  Kansas  beyond  the  western 
limits  of  the  state.  It  flows  in  a  nearly  due  easterly  coarse, 
traversing  the  Olintonarea  aboat  half  way  between  its  northern 
and  southern  boundaries  and  reaches  the  Osage  about  25 
miles  east  of  the  eastern  line  of  the  sheet.  It  has  a  fall  of 
about  three  feet  to  the  mile.  Its  channel  lies  about  18  feet 
below  the  level  of  its  floodplain.  It  winds  through  the  latter  in  a 
very  irregular  course.  There  is  very  little,  if  any«  trace  of 
symmetrical  meandering.  It  hugs  its  southern  bluff  through 
almost  the  whole  of  its  course.  Frequently  it  overflows  its 
banks  and  spreads  oyer  the  whole  floodplain,  making  the  re- 
clamation of  this  large  area  of  land  a  difBcult  matter. 

Beeptcater  Creek  rises  in  Bates  county  and  flows  across 
the  southern  part  of  the  area  in  an  easterly  direction.  It  falls 
into  Orand  river  about  two  miles  east  of  the  town  of  Deep- 
water.  Its  floodplain  varies  greatly  in  width,  widening  and  nar- 
rowing as  the  stream  crosses  belts  of  soft  shales  and  cuts  resist- 
ant sandstone  beds.  Immediately  north  of  the  town  its  flood- 
plain  is  more  than  a  mile  wide.  Two  miles  above  this  it  is  but 
a  few  hundred  yards  wide.    Beyond,  the  valley  again  expands. 

Big  Creek  rises  in  Oass  county,  flows  southeastwardly 
across  the  Johnson  county  line  and  falls  into  Orand  river 
within  the  limits  of  the  Olinton  sheet.  That  part  of  it  flowing 
within  the  area  of  the  sheet  is  flanked  by  alluvial  plains,  second 
only  to  those  along  Orand  river.  Occasional  ponds  scattered 
over  the  bottom  lands  show  former  courses  of  the  stream. 
They  are  not  numerous  nor  recent.  None  have  the  appearance 
of  ever  having  been  of  ox-bow  shape.  The  creek  has  a  fall  of 
about  three  feet  to  the  mile. 

Honey  Creek  is  a  small  tiibutary  of  Big  creek,  rising  a  few 
miles  north  of  the  area. 

Marshall  Cre^k  is  a  tributary  of  Deepwater  creek  from  the 
aouth ;  and  Fields  and  Town  creeks  are  tributaries  of  Orand 
river  rising  within  the  area  of  the  sheet. 

FOBESTBY. 

The  woodland  area  of  the  sheet  is  confined  now,  and  was 
at  the  time  of  the  first  settlement  of  the  county,  to  the  imme- 
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diate  vicinity  of  the  streams  or  to  small  areas  of  hill-land  in 
the  northwestern  part  of  the  distriot.  The  number  of  species 
is  not  large,  a  result  naturally  to  be  expected  from  the  uni- 
formity of  conditions  over  the  area.  The  principal  forest 
trees  which  are  the  most  abundant  and  which  are  of  importance 
from  an  economic  point  of  view  are : 

Black  oak,  Quercui  vetutino,  Linn. 
White  oak,  Quefxtu  alba,  Linn. 
Black  Jack  oak,  Quercut  wigra^  Linn. 
Red  oak ,  Quercut  rubra,  Lurn. 
Pin  oak,  QuereuB paluttrU,  Du  Bol. 
Laurel  oak,  QuercuM  imbricaria,  Mlchx. 
Post  oak,  Quercus  minor  (Marsh  ) 
Burr  oak,  Querent  macrocarpoy  Mlchx. 
Shell-bark  hlckor/,  Hicoria  ovata  (Mill.) 
Black  hickory,  Hictn-iaaiba  (L.)  Brltton 
AtneT\ca.n  elm,  Ulmueamericanui',  L\nn, 
Slippery  elm,  Clmut pubetant,  Walt. 
White  maple,  Acer  taceharinum,  Linn. 

Of  rare  occurrence  are  : 

Box  elder,  Acer  ntgundo, Linn. 
Black  walnut,  Jugtant  nigra,  Linn. 
Cottonwood,  Populut  moniUfera,  Alt. 
Sj CAmore,  Plaianut  occidenta lie,  Linn. 
Locust.  OlediUehia  triaeanthtu,  Linn. 
Wild  cherry,  Prunut  teratina,  Ehrh. 
Buckeye,  jEtculue  glabra,  Wllld. 
Bedbud,  Cercie  eanadenaie,  Llnu. 

The  area  covered  with  forest  growth  includes  a  narrow 
strip  along  the  channel  of  the  streams,  a  small  area  in  the 
vicinity  of  OUnton  (Tp.  42  K,  R.  XXVIII  W.,  Sec.  36,  NW. 
qr.),  and  the  rugged  lands  west  of  Huntingdale.  The  growth 
of  the  bottoms  is  principally  elm,  laurel  and  pinoak,  with  less 
frequent  burr-oak,  hickory,  post-oak,  walnut  and  maple,  the 
latter  being  abundant  on  the  banks  of  the  streams,  but  always 
in  the  most  recently  formed  alluvium.  In  the  vicinity  of  Olin- 
ton  and  in  all  the  uplands  where  the  drainage  is  good,  the 
growth  is  black  oak,  with  scattering  white  oak  saplings  in  the 
cooler  argillaceous  soils.  On  the  sandy  soils  of  the  uplands 
black  jack-oak  is  almost  the  only  forest  tree.  The  timber  of 
the  area  is  used  but  little.  The  quantity  that  is  large  enough 
for  lumber  is  too  small  to  encourage  a  development  of  a  lumber 
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indastry  and  there  is  no  demand  for  it  for  fael,  on  account  of 
the  abundance  and  cheapness  of  coal. 

STRATIGRAPHY. 
MAIN  OHABAOTBBISTIOS  OF  THB  BBOION. 

The  rocks  of  the  region  are  wholly  sedimentary.  They 
oonsist  of  Paleozoic  and  Recent  deposits,  the  former  consti- 
tnting  the  indnrated  rocks  of  the  region  and  the  latter  the 
soils  and  alluvial  deposits.  The  Paleozoic  rocks  belong  to  the 
lower  Oarboniferons  and  coal  measures.  They  consist  of  lime- 
stones, shales  and  sandstones.  They  lie  in  beds,  many  of  great 
horizontal  extent,  the  position  of  which  is  but  little  different 
from  that  in  which  they  were  originally  deposited.  They  all 
have  a  slight  general  northwestward  dip,  varying  in  degree  at 
different  places.  The  general  westward  slant  in  some  cases  is 
reversed,  giving  a  southeastern  dip.  These  are  all  of  small 
extent  and  barely  perceptible  without  instrumental  surveying. 
The  dips  are  everywhere  so  slight  that  to  the  unaided  eye  the 
beds  appear  horizontal.  The  rooks  outcrop  on  the  surface  in 
zones,  having  a  northeastward  and  southwestward  trend,  per- 
pendicular to  the  dip  of  the  beds.  The  lower  beds  constitute 
the  eastward  part,  while  the  higher  beds  outcrop  successively 
further  and  farther  westward.  The  following  is  a  tabular  ar- 
rangement of  the  str^ita  represented  in  the  area  of  the  sheet : 


Table 

Of 

Strata, 

SYSTEM. 

8BRIK8. 

FORMATIONS. 

Recent. 

AllUYlum. 

Des  Moines. 

Pleasanton  shales. 

Carboniferous. 

Henrietta  limestones. 

Cherokee  shales. 

Mlsslsslpplan. 

Augusta  limestones. 
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OARBONIFBBOUd. 
MISSISSIPPIAN  SBBIES. 

Auguita  Limestone.  The  aeries  inolades  the  lowest  rocks 
in  the  Olinton  district  The  beds  overlie  rocks  of  Silurian  age 
but  the  latter  do  not  rfse  to  the  snrface.  The  lower  Oarboni- 
ferons  rocks  of  the  region  consist  of  cherty  and  shaly  lime- 
stones, shales  and  sandstones,  bat  only  the  upper  beds  are 
here  exposed — the  heavily  bedded,  coarse-grained  crinoidal 
limestones,  carrying  chert  in  nodules  irregalarly  distributed 
throughout  the  beds,  and  in  layers  more  or  less  continuous 
between  the  separate  beds  of  limestone.  The  same  lithological 
characters  are  persistent  over  a  great  part  of  southwestern 
Missouri.  These  beds  belong  to  the  Burlington  division  of  the 
Augusta.  In  some  places,  especially  in  the  extreme  south- 
western part  of  the  state  some  of  the  Mississippian  beds  prob- 
ably belong  in  the  next  overlying  division,  the  Keokuk.  It 
was  probably  deposited  over  the  whole  area  but  during  the 
time  which  elapsed  between  the  deposition  of  the  last  of  the 
lower  Oarboniferous  rocks  of  the  region  and  the  first  of  the 
ooal  measures  the  former  were  subjected  to  erosion.  They 
were  eroded  down  far  enough  to  remove  all  or  nearly  all  of  the 
rooks  overlying  the  Burlington.  The  thickness  of  the  lower 
-Carboniferous  rocks  in  southwestern  Missouri  varies  from  100 
to  300  feet. 

The  surface  upon  which  the  coal  measures  were  deposited 
was  an  old  land  surface.  The  junction  between  the  two  forma- 
tions id  therefore  an  unconformable  one. 

DBS  MOINBS  SBBIBS. 

The  upper  Oarboniferous  of  Missouri  is  readily  divisible 
Into  two  great  divisions,  the  Des  Moines  and  Missoarian  for- 
mations. The  only  one  of  these  divisions  that  needs  consider- 
ation here  is  the  lower.  The  upper  division  exists  south  of 
the  Missouri  river  but  does  not  reach  the  Olinton  area  by  sev- 
eral miles. 


32  CLINTON  SHBBT. 

The  Des  Moines  formation  coneistB  of  shales,  sandstones^ 
a  few  thin  limestones  and  coals.  The  proportions  of  the  vari- 
ous kinds  of  rook  vary  with  the  subdivision.  The  whole  series 
in  this  part  of  the  state  consists  of  three  formations,  the  Chero- 
kee, the  Henrietta  and  the  Pleasanton. 

Cherokee  Shales.  The  lowest  division  includes  the  shales 
and  sandstones,  which  are  exceptionally  well  exposed  along  the 
Marmaton  river,  in  Vernon  county.  The  river  rises  in  the 
rocks  of  the  next  higher  formation  and  in  its  course  it  traverses 
nearly  the  whole  thickness  of  the  formation  as  developed  in 
Yemon  county.  Where  the  Marmaton  flows  into  the  Osage 
there  are  probably  not  many  feet  of  coal  measures  underlying 
the  channel.  The  Osage  river  has  cut  through  them  at  Papins- 
ville,  only  a  few  miles  below.  The  formation  thickens  south- 
westward,  and  in  Cherokee  county,  Kansas,  which  may  be  re- 
garded as  the  typical  locality,  they  are  450  feet  thick.*  In  Ver- 
non county,  Missouri,  Broadheadf  determined  the  thickness  to 
be  little  more  than  300  feet,  and  in  Henry  county  they  are  150 
to  200  feet  thick.  It  is  probable  that  the  northeastward  thin- 
ning is  apparent  only.  Drill-hole  records  indicate  a  slight 
thickening  northward.  In  southwestern  Missouri  and  south- 
eastern Kansas  they  have  been  exposed  by  the  removal  of  a 
wide  belt  of  the  overlying  rock.  Northeastward  the  amount 
of  uncovering  is  smaller,  so  that  the  thickness  exposed  in  not 
so  great.  They  have  not  been  uncovered  very  far  back  from 
their  original  landward  margin.    Only  the  thin  edge  is  exposed. 

The  moat  abundant  rook  in  the  formation  is  a  soft  shale. 
Near  the  base  is  often  a  conglomerate,  though  the  beds  of 
this  character  are  not  heavy.  These  graduate  upward  into 
sandstones  and  the  latter  into  shales.  The  sandstones  are 
the  most  persistent  over  large  areas,  even  near  the  base  of  the 
series.  They  occur  generally  in  lenticular  masses  in  the  shales. 
In  Vernon  and  Barton  counties  the  sandstone  beds  are  a 
rather  prominent  feature  of  the  formation.    In  Henry  county 

•Univ.  Geol.  Sur.  Kansas,  vol.  i,  p.  40, 1896. 
tGeol.  Sur.  Missouri,  1873-4,  p.  101, 1874. 
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they  are  less  so.    Everywhere  they  are  most  abandant  near 
the  base  of  the  formatioo. 

From  a  purely  stratigraphio  point  of  view  the  coal  and 
anderclay  beds  are  animportant.  They  are  generally  asso- 
ciated with  each  other,  bat  are  never  more  than  a  few  feet  in 
thickness.  They  are  not  persistent  over  large  areas.  All  the 
workable  coals  lie  in  basins  of  varying  size,  bat  none  of  them 
extending  entirely  across  the  area  occupied  by  the  Cherokee 
formation. 

The  limestone  beds  are  very  animportant.  They  occur  in 
small  lenticalar  masses  underlying  areas  of  a  few  acres;  but  in 
one  or  two  instances  thin  beds  are  persistent  along  the  strike 
for  more  than  twenty-five  miles.  This  occars,  however,  well 
up  from  the  base  of  the  formation.  They  are  all  thin  and  are 
impure.  They  are  very  often  highly  bituminous,  and  generally 
highly  fossiliferous. 

Henrietta  Formation.  This  term  is  applied  to  a  succession 
of  rather  persistent  beds  which  overlies  the  Cherokee  shales. 
The  beds  vary  in  thickness  and  character  along  the  strike^ 
though  not  so  much  as  those  of  the  Cherokee  formation.  The 
formation  has  not  been  studied  sufficiently  to  determine  its 
character  over  its  whole  extent  nor  to  locate  everywhere  its 
exact  upper  limit.  Its  lower  limit  is  clearly  defined  in  Henry 
county  and  reasonably  so  along  the  rest  of  the  oatcrop.  The 
formation  is  made  up  of  shales  and  limestones  with  a  thin  bed 
or  two  of  coal  and  an  occasional  sandstone.  The  shales  make 
up  the  greater  part  of  the  section,  but  the  limestones  on  aocoant 
of  their  greater  resistance  to  erosion,  are  the  most  conspicuous 
features  of  the  formation.  Broadhead's  section*  of  the  forma- 
tion in  Bates  county  inclades  about  50  feet  of  strata,  the  top 
being  a  five-foot,  and  the  bottom  a  three-foot  bed  of  limestone, 
and  the  section  between  the  two  consisting  of  shales.  In 
Henry  county  the  base  is  marked  by  a  limestone  2  to  8  feet 
thick.    Above  this,  the  formation  consists  of  sandy  and  day- 


*Geol.  8ur.  Mlssouil,  1nT^74.  pp.  159160.  1874. 
G— 3 
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sliales  with  one  or  two  beds  of  limestone.    The  top  has  not  as 
yet  been  located  in  the  area. 

The  formation  is  essentially  the  northeastward  extension 
of  the  Fort  Soott  and  Piiwnee  limestones  and  the  shales  in- 
cluded between  them  in  Kansas,  as  defined  by  Swallow*  and 
later  by  Haworthf.  So  far  as  they  have  been  stndied  in  Mis- 
souri they  do  not  present  the  great  persistence  in  thickness 
and  character  that  they  show  in  Kansas.  In  Bates  county, 
Missouri,  the  two  limestones  are  clearly  separated.  In  Henry 
county  the  upper  one  has  separated  into  two  or  three  thin 
beds,  while  the  lower  one  has  remained  about  the  same.  In 
Johnson  county  the  lower  one  reaches  a  thickness  of  more 
than  10  feet,  while  the  upper  one,  unless  the  two  have  come 
together  forming  one,  is  not  distingaishable. 

From  Kansas  the  Henrietta  formation  enters  Missouri  in 
Bates  county  a  few  miles  south  of  the  Osage  river.  It  runs 
northeastward  in  a  belt  from  5  to  15  miles  in  width,  through 
Bates,  Henry  and  Johnson  counties.  North  of  this  it  has  not 
as  yet  been  traced,  but  there  is  little  donbt  that  it  includes  the 
beds  associated  with  the  Lexington  coal  in  Lafayette  and  Bay 
counties. 

Pleaaanton  Shales,  This  term  is  applied  to  certain  shales 
of  reasonable  persistence  in  character  and  thickness,  which 
stretch  across  the  entire  state.  They  overlie  the  Henrietta 
formation  and  extend  upward  to  the  base  of  the  Missourian 
series.  The  average  thickness  is  about  200  feet.  The  forma- 
tion is  made  up  of  sandy  and  argillaceous  shales  and  sandstone 
with  occasional  beds  of  coal.  The  formation  enters  the  state 
in  northern  Bates  county  and  trends  northeastwardly  in  a  belt 
about  20  miles  wide,  crossing  the  Missouri  river  in  the  central 
part  of  Lafayette  county.  The  Sniabar  creek  in  Lafayette 
county  traverses  the  whole  formation  from  top  to  base. 

*KansasGeol.  Sur.,  Prelim.  Hep.,  p.  V4,  1st;*;. 
trnlv.  (Jeol.  Sur.  Kansas,  vol.  i,  pp.  io-iA,  i^m. 


StJOOBSSIOH  OF  BTtLiXk. 


36 


OanEaAL  PSlTtlBBS   OF  THB  ABBA. 

Ageaeralized  seotioDoftherookBof  the  Ulinton  diatriot  is 

represented  tn  ftgaro  ^.    The  area  of  the  Clinton  aheet  is 

traversed    b;    the 
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Figure  4.    General  Geological  Section  ol  C'llolon 


Cherokee  and  Henri- 
etta formatioDS.  The 
Pleasanton  shales 
probabi;  occupy  a 
very  small  area  in  the 
northwestern  corner 
of  the  sheet  and  the 
lower  Carboniferons 
orMiesissippian  rooks 
appear  in  the  bed  of 
Marshall  oreek.  Fos- 
sils ia  the  chert  show 
that  the  latter  belong 
to  the  BarllDgton  divi- 
sion. The  Cherokee 
shales  ocoa  p ;  the 
greater  part  of  the 
area.  They  natarally 
fall  into  two  divisions, 
an  upper  and  a  lower, 
the  top  of  the  latter 
being  the  base  of  the 
Tebo  coal  bed.  The 
lower  divisioD  is  a 
typical  shore  deposit. 
The  beds  are  irregular 
in  thickness  and  of 
limited  lateral  extent. 
Near  the  base  they 
are  made  up  of  eand- 
stones.  The  beds  are 
not  regalar  and  they 
pass  laterally  into 
shales  and  even  into 
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limeBtones.  Shales  become  moreabandant  upwards  becomings 
the  predominatiDK  bed  aboat  60  feet  above  the  base  of  the 
formation.  The  shale  pockets  in  the  lower  sandstones  carry 
basins  of  coal,  some  of  them,  as  the  Jordan  coal,  being  several 
sqnare  miles  in  extent.  Ordinarily,  however,  the  coal  basins 
are  small.  Occasionally  a  coal  bed  in  one  of  these  basins  may 
have  a  thin  limestone  associated  with  it.  The  latter  graduates 
laterally  into  shale  and  even  into  sandstone.  These  thin  lime- 
stones are  often  highly  f^rrnginoas.  A  bed  of  this  kind  out- 
crops in  the  river  bank  at  Oilkerson  ford,  and  also  two  miles 
southwest  of  Hartwell.  The  most  important  of  these  lenti- 
cular masses  of  limestone  outcrops  on  the  west  bank  of  Town 
creek  in  the  northwestern  part  of  the  city  of  Olinton.  It  is  also 
exposed  about  half  a  mile  west  of  this  locality  in  another 
ravine. 

The  upper  part  of  the  Cherokee  shales,  extending  from  the 
bottom  of  the  Tebo  coal  to  the  top  of  the  formation  is  more 
evenly  stratified  than  the  lower.  The  beds  are  more  persistent 
and  not  so  undulatory.  They  were  deposited  a  short  distance 
off  shore  and  on  a  smooth  sea  floor.  The  inequalities  of  the 
old  sea  bottom  had  become  smoothed  over  by  the  filling  up  of 
the  depressions.  The  horizon  most  easily  followed  in  the  for- 
mation is  the  Tebo  coal.  It  has  been  traced  along  its  outcrop 
entirely  across  the  sheet,  excepting  a  small  area  in  the  Grand 
river  valley  in  the  western  part  This  may  due  to  thinning  or 
to  change  of  character  in  the  direction  of  the  dip,  or  it  may  be 
due  to  a  cover  of  alluvium.  It  is  probable,  however,  that  ii 
thins  out  in  this  direction.  This  is  indicated  by  wells  and  by 
borings  at  Oreighton,  about  twelve  miles  northwest  of  Hart» 
well.  Drill-holes  failed  to  encounter  any  coal  seam  which  can 
be  correlated  with  the  Tebo  vein.  The  tops  of  the  holes  are 
above  the  Tebo  horizon  and  the  bottoms  certainly  extend  be- 
low it. 

8TANDABD  SBOTIONS. 

The  general  character  of  the  formation  is  shown  in  the 
following  sections  which  ma>  be  regarded  as  a  standard  for  com- 
parison.   The  first  section  is  a  record  of  the  Central  coal  shaft 


DBBPWATEB  SECTIONS.  37 

at  Deepwater,  on  the  eastern  border  of  the  sheet  and  one  mile 
northeast  of  the  town.  The  bottom  of  the  shaft  is  aboat  25  feet 
above  the  base  of  the  coal  measures.  The  interval  is  made  ap 
of  shales  and  sandstones. 

Section  I.     Central  Coal  Shaft,  at  Deepwater. 

Feet. 

7.  Soil  aad  clay  ( top  of  shaft  720  feet  absve  tide  water) 15 

fi.    Sandstone,  soft,  shaly 6 

5.  Shale,  blae  to  black 9 

4.  Shale  (8illc*ous  and  calcareous) 20 

3.  Shale 1 

2.    Coal 2%4 

1.  Uaderclaj  (exposed)  i 

The  rocks  exposed  at  Gilkerson  /ord  were  described  by 
Broadhead.*  The  locality  is  at  the  bend  in  Grand  river  in  the 
eonthern  part  of  section  26,  aboat  foar  miles  north  of  Deep- 
water. 

Section  II.    Bluff  at  OilJceraon  Ford, 

Feet. 

8.  Sandstone,  buff,  shaly  (700  feet  above  tide  water) 5 

7.  Shale,  blue,  aboandlng.  In  lenticular  nodules  of  clay  Iron  stone, 

which  contain  plant  remains 2 

6.  Coal 1-6 

5.  Shale 14S 

4.  Coal >i 

a.    Sandstone,  abounding  iQ  Stlgmarla 8 

2.  Shale,  containing  numerous  ferns  and  other  fossil  plants 21 

1.  Coal  (In  river) 3 

Section  iii  is  exposed  in  the  soath  bank  of  Grand  river  in 
the  northwest  corner  of  section  30,  two  miles  soathwest  of 
Hartwell.  The  top  of  the  section  lies  about  20  feet  below  the 
horizon  of  the  Tebo  coal  bed. 

Section  III.    Southweit  of  Hartwell. 

Feet. 
10.    Shale,  sandy  ("'20  feet  above  tide  level)  8 

9.  Coal  K 

8.  Shale Va 

7.  Coal ?4 

6.  Shale,  argillaceous,  drab 8 

6.    Coal S' 

4.    snale,  sandy 4 

3.  Shale,  dark  blue 3 

2.  Ironstone,  calcareous  =^3 

1.    Coal  and  shale  l  «^4' 

*  Missouri  Geol.  Sur. ,  Iron  ores  and  Coal  Fields,  part  11.  p.  17, 1873. 


38  OLINTON  SHBBT. 

That  part  of  the  Cherokee  shales  lying  above  the  Tebo 
coal  bed  is  given  in  section  iv,  as  shown  in  the  western  part 
of  the  district.  The  base  of  this  section  is  less  than  20  feet 
above  the  horizon  of  the  Tebo  coal  bed.  The  interval  con- 
sists of  shales  with  a  fonrinoh  coal  bed. 

Sedan  IV.     West  of  Clinton, 

reel. 
6.    Shale,  yellow  and  black  (top  of  Cherokes  formatloa  713  A.  T.)-     6 

6.  Coal 1 

4.    Clay  and  shale 13 

3.  Limestone  1 

2.  Shale  and  sandstone 30 

1.  Concealed  (probably  shale) 25 

The  phase  assumed  by  this  part  of  the  formation  in  the 
northeastern  part  of  the  area  is  illustrated  in  section  v,  which 
is  the  record  of  a  shaft  near  the  Missoari,  Kansas  and  Texas 
railroad,  five  miles  northeast  of  Clinton. 

Secton  V.    Norlheagi  of  Clinton, 

UPPBR  CHEROKEK  Feet. 

13.  Shale 15 

12.  Coal «2 

11.  Shale  and  clay 23 

10.  Limestone 2>i 

9.  Shale 2 

8.  Coal. 2Vi 

LOWER  CHEROKEE. 

7.  Clay  and  shale 9*8 

6.    Coal 3 

6.    Shale... 19 

4.  Coal )4 

3.  Shale 7 

2.  Coal lA 

1.    Shale 13 

*The  Henrietta  formation  occnpies  the  higher  parts  of  the 
northern  and  northwestern  portions  of  the  area.  The  bottom  of 
the  formation  is  at  the  base  of  the  limestone  which  lies  6  to  1^ 
feet  above  the  Honey  Creek  coal  bed.  The  beds  are  off-shore 
deposits  and  are  presistent  over  the  area  of  the  sheet.  The 
limestone  marking  the  base  of  the  formation  thins  slightly 
southward  but  is  a  well  marked  bed  where  it  leaves  the  sheet 
and  continues  southwestward  into  Kansas.    Shales  constitute 
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the  greater  part  of  the  formation  though  the  limestoneB  are 
prominent  on  account  of  their  greater  resistance  to  erosion. 
The  top  of  the  formatioa  does  not  appear  within  the  district  or 
it  is  not  as  sharply  marked  by  a  thick  limestone  bed,  as  it  is  in 
Lafayette  county  and  in  Kansas.  :it  least  no  bed  of  limestone 
within  the  area  has  yet  been  determined  to  be  the  upper  mem- 
ber of  the  formation.  The  thickness  is  about  100  feet  The 
general  character  of  the  formation  in  Henry  county  is  indicated 
in  the  following  section  which  is  compiled  from  several  out- 
crops in  the  northeastern  part  of  the  Olinton  area  and  the 
northwestern  part  of  the  Oalhoun  district. 

Section  VL     General  Henrietta  Section. 

Feet 
12.    Ltm^stone.... 5 

11.  Interval  (probably  shale) 50 

10.  Clay 4 

9.  Limestone i 

8.  Sbale 8 

7.  Limestone 2 

6.  Shale,  black,  fissile 2>a' 

5.  Coal 1 

4.  Shale 7 

a.  LI  ueit3.ie l 

2.  isanddtone  and  shale 15 

1.  Limestone  5 

The  Pleasanton  formation  probably  does  not  occur  in  the 
area  of  the  sheet.  If  at  all  it  is  only  in  a  few  outliers  of  shale 
on  the  hill-tops  in  the  northwestern  part.  These  do  not  differ 
materially  from  the  shales  in  the  other  formations,  so  that 
their  recognition  can  be  based  only  upon  a  study  of  the  region 
west  of  the  Olinton  ar4.*a. 

TYPICAL  SBCTIONS.  ' 

SKC'TIOXS  IN  TOWNSIIII'  40  NOKTII,  RANGES  XXVI,  XXVII  AND  XXVIIl  WKST. 

At  the  extreme  eastern  edge  of  the  Olinton  sheet,  half  a 
mile  east  of  Deepwater,  and  in  the  district  adjacent,  coal  is 
mined  rather  extensively.  The  rocks  encountered  in  sinking 
the  old  Keith  and  Perry  shaft  No.  1,  according  to  M!r.  Patter- 
son, the  superintendent,  are  as  follows: 
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Section  VII,    Keith  and  Perry  Shaft,  No,  1. 

Feet. 

c.  Soli  and  clay  is 

5.  Sandstone,  soft,  sliaiy 6 

4.  Shale,  blue  to  block 9 

8.  Shale,  calcareous,  * 'limestone?" 20 

2.  Shale 1 

1.  Coal 3 

The  ^^limestODe,"  No.  3,  as  reported,  is  a  hard,  gray 
siliciOQS  shale  which  varies  greatly  in  thickness  within  a  short 
distance,  and  apparently  grades  into  an  argillaceons  shale.  On 
exposure  to  the  weather  it  often  appears  to  be  a  sandstone,  its 
lamination  not  being  then  visible,  bat  in  the  fresh  pieces 
thrown  oat  of  the  shaft  this  stractare  is  marked.  Aboat  1500 
feet  east  of  this  shaft  the  same  bed  of  coal  is  mined  or  rather 
quarried,  after  a  heavy  stripping  (sometimes  20  feet)  of  shale 
is  removed.  It  is  a  soft,  yellowish  or  blaish,  argillaceoas  bed 
having  little  or  no  similarity  to  the  '*  limestone"  in  the  shaft. 
The  record  of  shaft  No.  2,  owned  and  operated  by  the  same 
company  and  situated  jast  soath  of  the  suathern  limits  of  the 
sheet  (Tp.  40  N.,  R.  XXVI  W.,  Sec.  23,  NE.  qr.)  is  as  follows  : 

Siction  VIII.     Shaft  No.  i?,  at  Detpuater, 

Keet. 

5.  Soil  and  clay  (top  750  feet  A.  T.) 15 

4.    Sandstone,  slnly M 

A.    "Limestone,**  (slllclous  shale) a 

2.  Shale IJ 

1.    O^al 2*4 

The  character  of  No.  3  changes  so  mach  toward  the  bot* 
torn  of  the  shaft  that  the  miners  call  it  shale.  It  is  doubtless 
continuous  with  the  ^^limestone"  in  shaft  No.  I,  but  it  is 
changed  from  a  hard  silicious  shale  to  a  soft  more  or  less 
argillaceous  one. 

A  short  distance  south  of  the  town  of  Deepwater  coal  was 
mined  a  few  years  ago  by  stripping.  The  coal  lies  at  an 
elevation  of  about  720  feet  A.  T.  It  is  probably  the  same  vein 
that  IS  worked  in  the  shafts  but  has  risen  westward,  the  rise 
amounting  to  about  40  feet  from  shaft  No.  1.    In  section  20, 
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«oatheaBt  quarter,  a  drill-hole  was  annk  but  do  coal  was 
reached.  The  top  of  the  drill-hole  is  aboat  720  feet  A.  T.  It 
is  reported  that  a  thin  vein  of  coal  was  fonnd  in  a  shallow  ex- 
cavation in  the  ravine  200  yards  southwest  of  the  drill-hole 
and  a  few  feet  higher  than  its  top. 

West  and  northwest  of  Deepwater,  along  Deep  water  and 
Marshall  creeks,  sandstone  is  abundantly  exposed  bat  no  coal 
appears.  From  the  stripping  just  south  of  Deepwater  west- 
ward no  occurrence  of  coal  is  seen  east  of  section  21  of  this 
township.  In  section  24,  northeast  quarter,  three  feet  of  coal 
were  reported  to  have  been  encountered  in  a  well  at  a  depth 
of  27  feet.  The  top  of  the  well  is  about  765  feet  A.  T. 
Whether  this  is  a  different  bed  of  coal,  or  only  the  westward 
extension  of  the  vein  at  Deepwater,  is  not  possible  to  deter- 
mine. At  Deepwater  the  coal  bed  rises  toward  the  west.  In 
the  well  it  lies  at  an  elevation  of  about  740  feet  A.  T.,  about 
20  feet  higher  than  the  coal  at  Deepwater. 

In  section  17,  southwest  quarter,  a  two-foot  bed  of  coal 
has  been  mined  by  stripping  the  overlying  material,  which 
consists  of  15  feet  of  dark  and  light  colored  argillaceous  and 
sandy  shale  with  two  feet  of  sandstone.  The  coal  is  now  con- 
cealed. This  is  very  probably  the  same  that  was  encountered 
in  the  well  described  above.  A  coal  bed  which  is  probably 
the  same  as  this  one  has  been  mioed  about  half  a  mile  south. 
It  has  the  same  thickness  and  is  overlain  by  a  thin  shale,  with 
three  feet  of  sandstone  overlying  the  shale.  In  section  20, 
northwest  quarter,  at  a  depth  of  14  feet,  in  a  dug  well,  the  coal 
is  overlain  by  sandstone,  and  under  it  are  eight  feet  of  sandy 
shale  passing  into  two  feet  of  dark  shale  and  again  into  sand- 
stone.   The  bed  is  about  770  feet  A.  T. 

Near  the  middle  of  the  east  half  of  the  norcheast  quarter 
of  section  7  is  a  coal  bed  two  feet  thick.  Over  it  are  shown 
about  two  feet  of  dark  shale.  No  other  rocks  are  exposed  at 
this  point,  but  sandstone  crops  out  in  almost  every  hillside. 
At  another  place  about  1500  feet  west  of  this  point,  a  coal  bed 
of  about  the  same  thickness  is  seen.  It  is  overlain  by  18 
inches  of  sandstone.    At  a  well  in  the  southeast  quarter  of 
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seotion  6  of  this  township  a  two-foot  bed  of  coal  was  reported 
at  a  depth  of  18  feet.  At  all  of  these  places  the  coal  is  aboat 
730  feet  A.  T.  Between  this  gronp  of  exposares  and  that  in 
sections  17,  20  and  21  no  coal  was  seen  nor  its  presence  re- 
ported. The  rocks,  consisting  of  sandstone  and  shale  exola- 
sively,  are  exposed  in  many  places.  They  are  all  rather  soft, 
the  shales  especially,  and  a  thin  bed  of  coal  might  easily  be 
concealed  ;  thongh  on  the  other  hand,  it  very  probably  wonld 
have  been  fonnd  by  owners  of  the  land  if  any  exists.  Farther- 
more,  the  coal  at  the  last  locality  described  is  30  to  40  feet 
lower  than  the  first.  It  is  believed  that  there  are  two  different 
beds  or  basins,  the  latter  at  least  of  very  limited  area.  West- 
ward no  exposares,  excepting  sandstone,  are  seen  east  of 
seotion  10.  Bock  is  abnndantly  shown  where  thin  beds  have 
broken  ap  leaving  detached  blocks  scattered  over  the  surface. 
In  Tp.  40  N.,B.  XXVII  W.,  section  10,  northwest  quarter^ 
is  a  seam  of  coal  three  feet  thick  which  is  exposed  in  the  bed  of 
the  creek  aboat  710  feet  A.  T.  This  is  the  only  oatcrop  that 
coald  be  foand.  Farther  ap  the  creek  sandstone  and  shales 
are  everywhere  exposed  in  the  blaffs,  but  no  other  rocks,  and 
since  exposares  are  abandant  it  is  concladed  that  no  other 
strata  are  associated  with  them.  In  section  16,  southeast 
qaarter,  a  drill-hole  was  pat  down  to  a  depth  of  130  feet  bat  no 
definite  knowledge  as  to  the  characer  of  the  beds  penetrated 
coald  be  secared.  It  is  claimed  that  no  coal  was  met  with. 
The  top  of  the  hole  is  aboat  800  feet  A.  T.  In  the  same  town- 
ship, in  section  17,  northeast  qaarter,  is  the  following  section : 

Section  IX.     Outcrop  in  Tp.  40  N.,  R.  XXVII  W.,  Sec.  17. 

Feet. 

».    Llmestoae 1 

2.    Shale,  black 8 

1.    Coal  (776  feet  AT.) 2^2 

The  coal  is  correlated  with  the  Tebo  seam  which  anderlies 
a  large  area  west  and  north  of  this,  being  reached  in  a  large 
nnmber  of  shallow  wells.  It  is  mined  in  a  namber  of  strip-pits,, 
and  is  seen  ontcropping  at  many  places.  A  bed  of  sandstone 
is  foand  in  section  5  at  an  elevation  of  aboat  800  feet  A.  T. 
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III  Tp.  40  N  ,R.  XXVIII  W.,  the  Tebo  coal  bed  is  exposed 
in  several  places.  Near  Montrose  (Tp.  40  N.,  B.  XXYIII  W.^ 
Sec.  14,  NE.  qr.)  the  section  of  a  bed  of  coal  with  the  associated 
rocks  is  abont  as  follows: 

Section  -V,     Stripping  near  Monrose. 

Koet 

6.    Clay  and  sou.  with  fragments  of  limestone 4 

4.    Aha le,  black,  fissile  2 

3,    Clay,  and  concretionary  Ilmerock —  i>i 

2.-     Coal I'n 

1.    Shale,  black  (785  feet  A.  T.)  2 

Down  the  branch,  about  half  a  mile  to  the  east,  occars  a 
bed  of  limestone,  with  sbale  and  coal  beneath.  It  lies  about 
20  feet  lower  than  the  coal  in  the  last  section.  Its  elevation  is 
nearly  the  same  as  that  of  the  Tebo  coal  at  many  places  east  of 
this  and  also  at  a  few  places  to  the  northwest.  The  vein  in 
the  above  section  varies  somewhat  from  that  of  the  Tebo  coal. 
Here  the  coal  is  only  16  inches  thick,  while  the  Tebo  seam  is^ 
about  two  feet  thick.  Here  it  is  underlain  by  black  fissile 
shale  with  the  appearance  of  another  bench  of  coal  beneath, 
while  the  Tebo  coal  occurs  in  one  bed  with  no  black  shale  be- 
neath it.  The  indications  are  that  this  is  a  higher  bed  than 
the  Tebo.  One  mile  and  a  half  north  of  Montrose  the  latter 
vein  has  been  mined  and  here  also  the  characteristic  rocks 
associated  with  it  are  exposed. 

SKCTIONM  IN  TOWNSHIP  41  NOIirH.   RANGES   XXVI,    XXVII,   AND  XXVIII  WEST. 

In  Tp.  41  N.,  B.  XXVI  W.,  Sec.  25,  several  shafts  and 
drill-holes  have  been  put  down.  One  shaft  is  now  being  oper- 
ated by  the  North  Goal  Company.  The  works  lie  only  a  few 
feet  east  of  the  limits  of  the  sheet  and  do  not  properly  belong 
here.  It  is  57  feet  deep,  the  top  being  abont  710  feet  A.  T. 
The  coal  is  three  feet  thick. 

Abont  half  a  mile  north  of  the  last  mentioned  locality  0. 
W.  Jordan  sunk  a  shafc  to  the  depth  of  45  feet.  The  record^ 
reported,  is  as  follows  : 
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Section  XL    Record  of  Jordan  Shafts  No,  o. 

Feet. 

4.  Soil  and  clay  (700  feet  A.  T  ) 6 

3.  Shale,  gray,  calcareous  and  arenaceoui 23 

2.  Sbale,  blue,  arglllacous 14 

1.  Coal 2*4 

It  is  stated  that  the  gray  shale,  No.  3,  of  this  seotion  has 
the  same  characteristic  appearance  as  the  ^'  limestone  "  oooar- 
ing  in  the  Keith  and  Perry  shafts  at  Deepwater,  and  at  one 
time  was  nsed  for  cnrbrock  and  sidewalks  in  Olinton,  bat  is 
better  adapted  for  inside  pavement. 

Aboat  500  yards  sonth  of  the  north  shaft,  Mr.  Jordan 
snnk  a  chnrn*drill  hole  to  a  depth  of  48  feet,  in  which  a  bed 
similar  to  No.  3  was  again  enconntered.  West  of  this  point 
400  yards,  a  drill-hole  was  sank  to  the  coal  without  encounter- 
ing any  hard  shale  whatever,  and  also  in  a  shaft  in  the  south- 
east quarter  of  section  26.  In  all  these  shafts  and  drill-holes, 
as  in  Keith  and  Perry  shafc  No.  2,  there  is  a  stratum  of  soft 
shale  between  the  hard  arenaceous  shale  and  coal,  while  in  the 
Keith  and  Perry  shaft  No.  1  it  lies  directly  upon  the  coal,  ex- 
cepting where  there  is  a  thin  stratum  of  bituminous  clay  and 
shale. 

The  following  is  a  corrected  section  given  by  Broadhead. 
It  is  at  the  Oilkerson  ford,  on  Grand  river,  in  the  northwest 
•quarter  of  section  26. 

Section  XIL     Outcrop  at  Oilkerson  Ford  on  Orand  River. 

¥eei 

8.    Sandstone,  buff,  shaly 5 

7.    Sbale,  blue,  abounllng  In  lentlcaUr  b?dior  Iron  carbioate, 
weatbertngred,and  containing  numerous  ferns,  also  I^pldod- 

end ron,  Lycopodltes,  Lepl dost robus  and  Cordaltes 2 

6.    Coal ^ 

5.  Sbale,  with  cay  at  top 14^ 

4,  Ooal S 

3.  Sandstone,  atx>uQdlng  In  Stl^marla s 

2.  Sbale,  contains  In  Its  lower  parts  numerous  fossil  ferns 21 

1.    Coal,  In  river  (665  feet  A.  T.) 3 

About  one  mile  eonth  a  ohurn-drill  hole  is  reported  to 
have  passed  thiough  three  feet  of  coal  at  a  depth  of  72  feet. 
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The  aUitade  of  the  top  of  the  hole  is  aboat  740  feet  A.  T.  Of 
the  Noble  shaft  (Sec.  34,  N£.  i  of  NW.  qr.)  do  detailed  record 
could  be  obtained,  bat  it  was  learned  that  there  were  two  veins 
of  ooa),  one  eight  inches  thick,  at  a  depth  of  40  feet,  and  an- 
other, three  feet  thick  at  a  depth  of  63  feet.  The  top  of  the 
shaft  is  750  feet  A.  T. 

The  coal  at  the  Oilkerson  ford  and  that  in  the  North  shaft, 
and  the  shafts  and  drill-holes  in  its  vicinity,  are  correlated  with 
the  coal  in  the  Keith  and  Perry  shaft.  It  is  locally  known  as 
the  Jordan  coal.  In  the  vicinity  of  Deepwater  it  Is  the  lowest 
coal  bed  that  is  known.  The  lower  Oarboniferoas  rocks  oat- 
crop  a  short  distance  east  of  where  it  is  mined  and  no  other 
coal  is  known  to  be  exposed  within  that  distance.  In  the 
vicinity  of  the  North  coal  mine  it  is  also  the  lowest  coal  in  the 
coal  measares,  determined  by  a  drill-hole,  in  the  bottom  of  one 
of  the  shafts  sank  by  Air.  Jordao,  which  penetrated  to  the 
lower  Oarboniferoas  rocks.  Yet  considering  the  character  of 
the  rocks  at  the  base  of  the  coal  measares  it  is  ansafe  to  pre- 
dict that  wherever  it  is  known  to  exist  it  is  the  lowest  coaL 
Many  other  occarrences  of  coal  at  this  horizon  are  described 
in  the  report  on  the  adjoining  Oalhoan  sheet. 

South  and  west  of  the  Noble  shaft  very  little  rock  except 
sandstone  is  exposed.  A  thin  bed  of  coal  crops  oat  in  a  small 
ravine  in  the  southeast  quarter  of  the  southwest  quarter  of 
section  33,  which  is  correlated  with  the  upper  coal  in  the  Noble 
Shalt.  A  mile  to  the  west  coal  is  reported  in  a  well  10  feet 
from  the  surface.  In  the  northeast  qnarter  of  section  23  of 
this  township  23  inches  of  coal  are  reported  to  have  been  struck 
in  a  well  at  a  depth  of  35  feet.  Less  than  a  half  a  mile  north 
of  this  and  commencing  about  20  feet  higher,  a  shaft  was  sunk 
to  a  depth  of  46  feet  and  a  drill-hole  in  the  bottom  of  the  shaft 
40  feet  deeper,  and  only  a  few  inches  of  coal  were  encountered. 
About  600  feet  north  of  the  shaft  is  the  locality  of  Broadhead's^ 
Jackson  mill  section.    It  is  as  follows : 
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Section  XI 11,     Outcrop  at  Jackson  MUL 

Feet. 

15.  Sandstone,  shal3'*  containing  a  few  ferns  (690  feet  A.  T.) 4 

14.  Coal,  rotten 1 

13.  Clay : 2 

12.  Sandstone,  hard,  white,  C3ntalnlng  SI glUar la IS' 

11.  Sandstone,  shaly .3 

10.  Shale,  clay l6iA 

9.  Ironstone,  calcareous  and  pyrltlferous U"* 

8.  Shale,  calcareous,  pyrltlferous li 

7.  Clay,  blue l*i 

6.  Shale,  bituminous Us 

5.  Shale,  calcareous 1,H 

4.  Sandstone,  hard 4 

3.  Coal 1 

2.  Shale,  underclay 3 

1.  Clay,  blue,  with  roots  of  plants 3 

Aboat  half  a  mile  east  of  this  looality  near  the  eastern  line 
of  the  sheet  is  the  Pitcher  shaft.  The  followin^^  record  was 
famished  by  the  owner  : 

Section  XIV.     Record  of  the  Pitcher  Shift. 

Feet 

5.    Soil  and  clay  (6*90  feet  A.  T.)  ..'. 7 

4.    Shalo,  artrltlaceous 17 

3.    Sandstone,  hard 3 

2.    Shale,  black,  and  coal l»., 

1.    Coal 2 

The  sandbtone  is  probably  the  northern  extension  of  the 
hard  arenaceous  shale  in  the  Keith  and  Perry  and  other  shafts 
south  of  this.  Along  the  creek  north  of  this  there  have  been 
several  shafts  operated  in  a  bed  of  coal  two  and  a  half  feet 
thick.  It  underlies  25  feet  of  shale,  with  probably  thin  sand- 
stones. The  most  northerly  of  this  group  of  shafts  (Tp.  41  N., 
E.  XXVI  W.,  Sec.  11,  SB.  qr.)  was  formerly  operated  by  Mr. 
Garth  of  Olintoo.  It  is  28  feet  deep  and  the  coal  is  two  feet 
thick.    The  top  of  the  shaft  is  710  feet  A.  T. 

In  the  town  of  Olinton,  200  yards  east  of  the  northeastern 
corner  of  the  Square,  coal  was  struck  in  a  well  at  a  depth  of  90 
feet.  The  top  of  the  well  is  785  feet  A.  T.  This  would  place 
the  coal  at  an  elevation  of  about  095  feet,  only  15  feet  higher 
than  the  coal  in  the  G&rth  shaft.  In  the  bluffs  of  Town  creek 
in  the  western  part  of  Olinton  the  rooks  are  well  exposed. 
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They  coDsist,  at  the  top,  of  thin  sandstone  and  sandy  shales 
with  a  thin  coal  bed,  which  does  not  seem  to  be  persistent, 
and  which  is  30  feet  below  the  top  of  the  hill.  Below  this,  the 
layers  become  more  shaly  and  at  the  base  they  are  mostly 
argillaceons  shales.  Abont  300  feet  west  of  the  creek  a  well 
was  bored  in  which  no  coal  whatever  was  encountered,  and  in 
which  the  shales  seen  in  the  blaflFs  east  of  the  drill-hole  per- 
sisted to  the  top  of  the  lower  Garboniferons  rocks.  The  only 
place  for  a  coal  bed  that  can  be  at  all  correlated  with  the  Jor- 
dan coal  is  in  the  interval,  if  there  be  one,  which  is  donbtfal, 
between  the  base  of  the  bluff  and  the  base  of  the  allnvinm  in 
the  drill  hole. 

In  the  northwest  quarter  of  section  9,  along  the  railroad, 
the  blaff  from  the  top  down  to  the  railroad  level  is  composed 
of  sandstone  and  shale.  Below  the  railroad  to  the  level  of  the 
:floodpIain  of  Orand  river  the  rocks  are  concealed.  On  Rose 
creek  sonth  of  the  township  line  no  other  beds  than  sandstones 
and  shales  are  exposed. 

South  of  Orand  river  the  same  is  true.  In  Tp.  41  N.,  B. 
XXVII  W.,  Sec.  13,  NE.  qr.,  coal  is  reported  to  have  been 
found  in  a  shallow  excavation.  Nothing  could  be  learned  of 
the  rocks  immediately  associated  with  it,  though  sandstone  is 
found  in  the  road  25  feet  above  the  bed  and  no  different  rocks 
are  seen  in  the  vicinity.  At  the  site  of  the  old  Cook  mill,  on 
Orand  river  ( Tp.  41  N.,  R.  XXVII  W.,  Sec.  2,  S W.  qr.)  there  is 
an  outcrop  of  sandstone  and  shale,  with  a  four-inch  bed  of 
coal,  the  thickness  of  the  whole  being  about  fifteen  feet.  About 
one  mile  sonth,  in  the  northwest  quarter  of  section  11,  at  the 
Mullet  coal  mine,  the  following  layer^are  exposed: 

Section  XV.     Record  at  the  Mullet  Mine. 

Feet. 

s.  Limestone  (720  feet  A  T.) 1 

7.  Shale,  argillaceous 2 

0.  Shale,  dark 2 

5.  Limestone,  (lark 3 

4.  Shale,  black,  with  calcareous  concretions l 

3.  Shale,  black,  nss lie 1^, 

2.  Limestone  2 

1.  Coal  (Tebo) 2', 
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On  the  hill  to  the  soath  the  same  bed  was  met  with  in  a 
well  at  a  depth  of  42  feet.  The  top  of  the  well  is  abont  760 
feet  A.  T.  Across  the  road  west  of  the  Mallet  coal  mine  a 
drill-hole  was  sank  from  the  bed  of  the  branch  to  a  depth  of 
110  feet.  Sandstone  and  shales  were  the  only  rooks  enconnt- 
ered.  One  mile  southwest  of  the  Mollet  mine,  in  the  northwest 
quarter  of  section  15,  coal  has  been  mined.  It  was  reported 
to  be  two  feet  thick  and  to  be  overlaid  by  black  shales  and 
limestone.  It  is  correlated  with  the  Tebo  coal  at  the  Mallet 
mine,  although  it  implies  a  rise  of  about  30  feet.  There  are 
some  other  facts  which  point  to  this  conclusion.  It  is  not  at 
all  improbable,  however,  that  this  is  at  an  higher  horizon  than 
that  at  the  Mallet  mine  and  it  may  be  the  same  bed  that  is  en- 
countered in  the  Galvird  well  half  a  mile  west.  The  latter  lies 
at  an  elevation  of  about  785  feet  A.  T,  and  it  is  overlain  by  10 
feet  of  sandstone.  On  the  same  property,  1000  feet  north, 
another  well  was  dug.  The  record  reported  by  the  owner  of 
the  property  is  as  follows: 

Section  XVh     Calvird  Dug  Well. 

Feet. 

5.    SandstOTie  (785feet  A.  T.) 10 

4.    Clay,  blue 5 

3.    LlmeBtone,  bituminous. 8 

3.    Shale 1 

1.    Coal 2 

This  does  not  agree  with  the  Tebo  coal  in  the  thickness  of 
the  coal  bed  nor  in  the  character  of  the  associated  rocks,  but 
the  record  was  given  from  memory  and  some  latitude  on  such 
points  may  be  allowed.  The  anticipation  of  meeting  with  '^  big 
coal "  at  greater  depths  results  in  the  lack  of  full  local  appre- 
ciation of  the  Tebo  coal  and  other  beds  lying  near  the  surfiice. 
In  the  northwest  corner  of  section  10,  commencing  at  the  top 
of  the  hill  and  running  over  into  section  3  to  a  stripping  in  the 
southwest  quarter,  the  rocks  are  about  as  follows  : 
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Section  XVIL     Outcrop  in  Tp.  41  y.,  B.  XX  V  W.j  Sec.  9, 

Ne,  qr. 

Feet. 

18.  Concealed,  with,  fragments  of  limestone  (820  feet  A.  T. ) 20 

12.  Limestone,  tmH 1 

11.  Shale  and  clay,  yellowish,  calcareous S 

10.  Shale,dark 2 

9.  Coal  (reported) 2 

8.  Shale  and  sandstone 45 

7.  Dark  streak  1 

(5.  Concealed  (shale) SO 

6.  Limestone 1 

4.  Shale,  aglllaceous 1 

3.  Shale,  black,  flssller  l«, 

2.  Limestone,  dark »3 

1.  Coal  (Tebo) 2>i 

The  bottom  coal  is  correlated  with  the  Tebo.  The  top 
ooal  in  this  section  is  the  first  occurrence  met  with  so  far,  of  a 
coal  with  which  is  correlated  a  bed  that  underlies  a  consider- 
able part  of  the  northern  third  of  the  sheet  and  which  is  now 
called  the  Honey  Greek  coal  on  account  of  several  outcrops  of 
it  oocuring  on  that  stream,  northwest  of  Clinton.  It  was  met 
with  at  a  few  localities  to  the  westward.  The  dark  band  in  the 
section  may  be  either  a  thin  bed  of  coal  or  one  of  black  shale. 
In  the  southeast  quarter  of  section  8  of  the  same  township,  a 
well  was  dug  in  which  coal  was  struck  at  a  depth  of  30  feet. 
No  record  could  be  obtained,  but  800  feet  northwest  of  the 
well  and  30  feet  below  its  top  a  bed  of  coal,  which  is  correlated 
with  the  Tebo  seam,  has  been  mined  in  a  strip-pit.  About 
1800  feet  west  is  the  following  section : 

Section  XV IIL     Outcrop  in  Tp.  41  N.,  B.  XXVII  W.,  Sec. 

8^  Se.  qr. 

Feet. 

4.  Limestone  (760  feet  A.  T.) 1 

3.  Shale,  gray,  argillaceous 1 

2.  Shale,  black,  flsstle 1 

1.    Coal 2 

The  correlation  of  this  with  the  Tebo  coal  is  justified  by 
the  character  and  thickness  of  the  rocks,  though  it  shows  a 
rise  of  these  beds  southward.    Its  outcrops  farther  to  the 

a— 4 
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southwest,  however,  are  20  feet  higher  than  this  one.  Down 
the  branch  from  this  locality  there  is  no  indication  of  ontcrops 
other  than  of  sandstone  and  shales.  Near  the  extreme  north- 
eastern corner  of  section  6  there  is  an  outcrop  of  12  inches  of 
limestone,  underlain  by  shales  and  coal,  which  latter  is  also 
correlated  with  the  Tebo  bed.  One  mile  south  of  this  locality 
about  8  inches  of  coal,  overlain  by  soft  shales,  are  exposed  in 
the  bank  of  the  branch.  The  seam  lies  at  an  elevation  of  about 
780  feet.  The  same  coal  was  encountered  at  a  depth  of  44  feet 
in  a  well  on  top  of  ihe  hill  300  yards  west.  Here  the  coal  was 
JO  inches  thick.  The  well  was  sunk  through  soft  shales  from 
the  top  down  to  the  coal.  Northeast  of  the  well  a  small  hill 
is  capped  with  limestone  which  is  correlated  with  the  top 
limestone  in  section  xviii.  In  the  extreme  southwest  portion 
of  section  22  the  Tebo  coal  Is  exposed  in  a  shallow  pit  where 
it  has  been  mined.    The  section  is : 

Section  XIX.     Coal  Pit  northwest  of  Ladue  in  Section  22. 

Feet. 

5.    Soll(760feet  A.  T.) 4 

4.    Limestone 2 

3.    Shale 1 

2.    Shale,  black,  fissile 1».2 

1.    Coal 2 

In  the  northern  part  of  the  village  of  Ladue,  a  drill-hole 
iv^as  sunk  to  a  depth  of  90  feet  without  striking  more  than  a 
few  inches  of  coal.  The  top  of  the  drill-hole  is  about  730  feet 
A.  T.  In  section  29,  southeast  quarter,  a  bed  of  coal  was  op- 
erated several  years  ago.  It  is  not  now  seen,  nor  the  full 
thickness  of  the  overlying  shale,  but  above  this  seam  is  a  bed 
of  about  three  feet  of  sandstone,  which  underlies  shale.  The 
coal  lies  30  feet  lower  than  the  Tebo  vein  at  its  nearest  out- 
crop, but  apart  from  this  the  association  with  sandstone  does 
not  permit  the  correlation  of  this  coal  with  that  bed.  It 
should  be  assigned  to  a  lower  horizon,  and  probably  occupies 
a  small  area,  since  this  was  the  only  occurrence  of  it  found. 
About  500  yards  west,  a  well  40  feet  deep  did  not  encounter 
coal.  To  the  north,  three-fourths  of  a  mile,  sandy  shales  are 
exposed  in  the  ra7ines,  but  no  coal  nor  any  other  rocks  similar 
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to  those  associated  with  the  Tebo  coal  are  seen.  The  surface 
is  covered  with  a  deep  soil  and  only  shallow  wells  have  been 
dug.  The  datnm  for  placing  the  horizon  line  of  the  Tebo  coal, 
where  it  has  been  placed  in  the  sonthwestern  corner  of  this 
township,  is  its  topographic  position  at  its  nearest  ontcrop. 

In  Tp.  41  N.,  R.  XXVIII  W.,  Sec.  12,  Nw.  qr.,  a  IG-inch 
bed  of  coal  has  been  mined  in  a  shallow  pit.  It  is  overlain  by 
10  inches  of  black  shale.  It  does  not  agree  very  well  with  any 
of  the  beds  previously  described,  being  too  high  for  the  Tebo 
coal  and  also  for  that  in  the  Ualvird  well,  and  is  a  little  too  low 
for  the  upper,  the  Honey  Greek  coal  in  section  xyiii.  In  the 
absence  however,  of  farther  evidence  it  is  correlated  with  the 
last  named  bed. 

A  little  more  than  a  mile  to  the  southwest  an  8-inch  bed 
of  coal  was  struck  in  a  well  at  a  depth  of  38  feet.  The  top  of 
the  well  is  about  830  feet  A.  T.  The  bed  is  probably  the  same 
asthat  in  the  Oalvird  well.  About  100  rods  to  the  south  a 
thin  bed  of  coal  has  been  mined  in  the  bed  of  the  branch,  but 
the  place  could  not  be  accurately  locikted.  Its  horizon  is  35 
feet  below  the  top  of  the  well  and  it  is  doubtless  the  same  coal. 
No  limestone  or  other  hard  rocks  were  encountered  in  the  well 
nor  do  any  outcrop  in  the  vicinity.  Near  the  northwestern 
corner  of  section  14  the  following  section  occurs  : 

Section  XX.    Stripping  in  Tp.  U  N.,  B.  XVIII  W.,  See.  U. 

Feet 
4.    Limestone  (785  feet  A.  T.) 1 

8.    Shale,  gray 2 

2.    Shale,  black,  fissile m 

1.    Coal 2 

The  same  coal  is  exposed  in  a  shallow  pit  in  the  Ne  i  of 
the  Be.  qr.  of  section  22  where  the  character  and  thickness  of 
the  associated  rocks  are  essentially  the  same.  This  is  corre- 
lated with  the  Tebo  coal  both  on  account  of  its  thickness  and 
associated  rocks  and  because  it  has  been  traced  by  frequent 
outcrops  from  undoubted  exposures  of  that  seam  near  Mont- 
rose. In  the  Sw.  qr.  of  the  Nw.  qr.  of  section  24  a  vein  of  coal 
about  eight  inches  thick  is  exposed  in  the  bank  of  the  creek 
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jast  soath  of  the  wagon  road.  The  ooal  is  overlain  by  sandjr 
shales  and  underlain  by  a  few  inches  of  olay  resting  upon  shalet^ 
The  Tebo  coal  is  exposed  in  many  places  along  the  south 
side  of  Granddaddy  creek,  and  in  a  few  places  on  the  north 
bank  of  Deepwater  in  this  township.  It  everywhere  shows  its 
characteristic  associations  of  a  solid  bed  of  15  inches  of  lime- 
stone,  blue  shale,  black  shale  and  coal. 

SECTIONS  IN  TOWNSHIP  42  NOHTH,  RANOB8  XXVI,  XX VH,  AND  XXVIII  WS8T. 

In  section  24,  Nw.  qr.  ( E.  XXVI  W. )  about  150  yarda 
east  of  the  eastern  limits  of  the  sheet,  a  coal  bed  correlated 
with  the  Tebo  is  operated.  Five  hundred  yards  west  of  this 
a  bed  of  coal  18  inches  thick  was  encountered  in  a  dug  well  at 
a  depth  of  13  feet.  The  top  of  the  well  is  about  785  feet  A.  T. 
About  800  feet  further  west  a  well  was  dug  to  a  depth  of  3& 
feet  without  encountering  coal  except  near  the  bottom.  South 
of  this  location  near  the  southeast  corner  of  the  southwest  quar- 
ter of  section  23  the  Tebo  coal  is  operated  in  a  strip  pit  at  an 
elevation  of  about  760  feet  A.  T.  Down  the  creek  from  this 
point  the  Tebo  coal  could  not  be  found.  Sandstones  and 
shales  are  everywhere  exposed,  apparently  from  the  top  to  the 
base  of  the  hills. 

In  the  southwest  corner  of  section  26,  where  the  road 
crosses  Town  creek,  shales  and  sandstones  are  the  only  beds 
to  be  seen.  The  whole  hillside  is  not  exposed,  but  where  soft 
sandstones  show  prominently  it  is  not  probable  that  a  lime- 
stone of  the  resistant  character  of  that  overlying  the  Tebo 
coal  could  be  hidden.  It  should  be  seen  either  as  a  ledge  or 
in  fragments  on  the  surface.  In  the  northeast  quarter  of 
section  27  an  excavation  mide  a  few  years  ago  disclosed  a 
highly  calcareous,  fossiliferous,  black  shale.  The  bottom  of  the 
shale  had  not  been  reached  at  the  time  of  inspection  and  it 
could  not  be  definitely  determined  whether  ooal  had  been 
found  or  not.  There  were  a  few  partly  filled  excavations 
around  the  place.  The  shale  lies  at  an  elevation  of  about  720 
feet  A.  T.  Less  than  200  feet  down  the  ravine  there  is  an  ex- 
posure of  shales,  apparently  on  the  same  horizon  as  the  black 
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«hale  in  the  exoavation,  whioh  are  Bimilar  in  appearance  to  the 
^hale  at  the  base  of  the  eastern  blafF  of  Town  creek  west  of 
<31inton.  They  are  not  dark  nor  fossiliferoas  and  seem  totally 
unlike  the  black  fossiliferoas  shale  in  the  excavation.  Half  a 
mile  south  of  the  last  mentioned  place  a  mine  has  been  opened 
300  feet  west  of  the  creek  ( section  34,  southeast  quarter )  in 
which  the  coal  two  feet  in  thickness  is  overlain  by  shale  and 
that  again  by  about  two  feet  of  limestone.  About  800  feet 
south  of  this  another  mine  has  been  opened  on  the  western 
•side  of  the  branch  near  the  township  line.  The  rocks  here  ex- 
posed are  as  follows : 

Section  XXL    Sequence  at  the  Marvin  Mine. 

Feet 
8.    Limestone,   coarse,  bluish  gray  on  weathered  surface,  shows 
many  small  crlnold  stems,  not  otherwise  highly  fosslllferous 

(top725feet  A.  T.) 2 

2.    Shale,  argillaceous  at  top,  becoming  bituminous  and  fl&slle  lower 

down 2 

1.    Coal 2 

The  limestone  is  made  up  of  two  or  three  layers.  Half  a 
mile  to  the  west  a  limestone  with  the  same  structure,  bedding 
and  other  characteristics  lies  at  an  elevation  of  about  720  feet 
A.  T.  Black  fissile  shale  underlies  it  but  no  coal  is  visible  and 
only  about  one  foot  of  shale.  Immediately  south  of  the  mine 
on  Town  creek  near  the  township  line  the  limestone  disappears 
and  does  not  appear  again  southward.  Across  Town  creek, 
400  feet  east  of  the  mine,  an  excavation  in  the  hillside  has  ex- 
posed 15  feet  of  sandstone,  sand  and  argUlaceous  shale,  with  a 
thin  bed  of  coal  18  feet  above  the  stream.  Probably  they  are 
the  same  as  found  in  the  ice-plant  wells  and  represent  the 
northern  limit  of  the  Jordan  coal  basin.  The  bluffs  to  the 
south  on  the  eastern  side  of  the  creek  are  steep  and  the  rocks 
from  top  to  base  are  well  exposed.  They  consist  entirely  of 
sandstone  and  shale.  The  limestone  and  coal  just  described 
certainly  do  not  lie  horizontally  southward  and  they  undoubt- 
edly do  not  dip  very  much  or  they  would  have  been  encount- 
ered in  one  or  the  other  of  the  wells  which  have  been  bored 
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in  the  Talley  eoatb.  The  only  chance  for  them  to  extend 
southward,  as  has  been  said  before  of  the  Jordan  coal,  is  to  lie 
below  the  base  of  the  blnff  east  of  the  upper  well  and  above 
the  bottom  of  the  allnvinm  in  the  well.  It  is  possible  that 
there  is  not  space  enough  here  for  the  beds.  There  are  no 
data  whatever  to  determine  whether  or  not  these  rocks  extend 
eastward,  underlying  the  northern  part  of  the  town  of  Olinton. 
It  is  certain,  however,  that  no  rocks  that  can  be  correlated 
with  these  on  lithologic  grounds  can  be  found  east  or  south- 
east of  this  locality.  It  is  impossible  to  determine  whether  or 
not  this  is  the  Tebo  coal.  It  dififers  considerably  from  that 
seam  in  lithological  features.  The  limestone  over  the  latter  is 
a  dark,  blue,  noncrystalline,  finely  textured  rock,  weathering 
smooth,  lying  in  a  single  bed  generally  15  inches  thick,  while 
this  limestone  is  coarsely  crystalline,  weathers  into  rough 
blocks,  is  of  a  grayish  blue  color  and  lies  in  two  or  more  beds, 
together  making  a  total  thickness  of  about  two  feet.  It  con- 
tains a  large  number  of  small  crinoid  stems.  Its  elevation  is 
the  only  point  in  favor  of  correlating  it  with  the  Tebo  coal.  It 
lies  at  the  same  elevation  as  at  the  nearest  outcrop  of  the  latter. 
West  of  this  (northwest  corner  of  section  33 ),  but  to  the  north,^ 
the  Tebo  coal  atits  nearest  outcrop  is  aboat  760  feet  A..  T.  No 
evidence  whatever  of  a  southward  dip  suflScient  to  bring  it  to 
the  place  occupied  by  this  coal  could  be  found.  To  corrdate 
the  two  coals  would  imply  too  great  a  change  in  lithologic 
characters  of  the  overlying  limestone  to  be  consistent  with 
the  remarkably  uaiform  character  of  the  limestone  associated 
with  the  Tebo  coal  at  the  great  number  of  places  where  it  ia 
exposed.  If  the  Tebo  coal  should  change  so  perceptibly  and 
dip  southward  sufficiently  to  be  brought  to  this  position  there 
would  seem  no  objection  to  supposing  it  to  extend  further 
eastward  and  be  equivalent  to  one  of  the  numerous  beds  of 
coal  found  east  and  southeast  of  Clinton.  But  that  it  is  not  the 
equivalent  to  one  of  these  beds  is  made  certain  by  data  ob- 
tained just  east  of  the  area  of  the  Olinton  sheet  and  described 
in  the  report  on  the  adjoining  Oalhoun  sheet  (see  section 
along  Deer  creek).    In  view  of  these  considerations  it  seems 
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safe  to  place  the  coal  at  a  lov^er  horizon  than  the  Tebo  bed  and 
to  limit  it  to  a  small  basin,  one  of  the  basin-like  deposits 
characteristic  of  the  lower  coal  measures. 

In  the  southeast  quarter  of  section  33,  Dr.  J.  H.  Britts  of 
Olinton  reports  a  bed  of  coal,  in  all  respects  similar  to  the 
Tebo  coal,  in  a  well  at  a  depth  of  40  feet.  The  top  of  the  well 
is  about  775  feet  A.  T.  The  Tebo  coal  is  mined  near  the  north- 
east corner  of  section  32  on  Boss  creek  and  is  also  reached  in 
a  well  in  the  northeast  corner  of  section  28  at  a  depth  of  22 
feet.  The  top  of  the  well  is  750  feet  A.  T.  It  has  also  been 
mined  in  a  shallow  pit  or  stripping  near  the  center  of  the  north 
half  of  section  22,  now  operated  by  shaft  near  by  on  the  Mun- 
son  land,  at  an  elevation  of  about  750  feet  A.  T.;  and  is  also  in 
a  shaft  35  feet  deep  in  the  southwest  quarter  of  section  14. 
The  top  of  the  shaft  is  805  feet  A.  T.  Along  Field  creek  in 
this  township,  there  are  a  large  number  of  exposures  of  the 
rocks  of  the  lower  coal  measures.  In  section  10  is  the  follow- 
ing exposure : 

8eoHon  XXIL    Outcrop  in  Tp. 4'3  AT,  B.  XK7I,  Sec.  10,  N'w.  qf . 

Feet. 

5.    Shale,  black,  highly  calcareous,  and  very  fossillferous l 

4.    Shale,  black,  fissile 2 

8.    Coal 1 

a.    Clay 2 

8.    8hale,  argillaceous  (750  feet  A.  T .) 

The  coal  b^d  underlies  a  large  area  north  and  northeast  of 
this  locality  everywhere  lying  about  12  feet  above  the  Tebo 
seam,  and  everywhere  marked  by  the  same  very  highly  fossil- 
lferous bed  of  calcareous  bituminous  shale.  The  fossils  are 
almost  exclusively  large  individuals  of  Productus  and  its 
spines.  About  50  feet  above  this  coal  at  the  locality  where 
the  last  section  was  measured  a  large  number  of  broken  frag- 
ments of  limestone  lie  over  the  surface  and  a  few  ledges  out- 
crop on  the  surface.  Just  across  the  township  line  to  the 
north  is  the  Spangler  well  (Tp.  43  N.,  B  XXVI  W.,  Sec.  34,  Sw. 
qr.).  No  record  could  be  secured  but  from  a  few  related  facts 
concerning  the  well  and  a  dug  well  near  by  the  section  was 
found  to  be  essentially  as  follows  : 
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Section  XXII I.     The  Spangler  Well. 

Feet. 

9.    Undetermined,  partly  soil  (810  feet  A.  T.) 11 

8.    Limestone 4 

7.  Shale,  black 5 

6.  Coal 1 

5.  Shale ao 

4.  Limestone  (?)  (calcareous  black  shale) 1 

8.  Coal 1 

2.  Indeterminate  fshales  and  clay) IS 

1.  Coal 2H 

Aboat  600  feet  soath  of  the  well,  on  the  township  line,  the 
following  section  is  exposed : 

Section  XXIV.    Spangler  Outcrop. 

Feet. 

9.  Limestone,  with  many  fragments  of  Chonetes  (783  feet  A.  T.) 6 

8.    Clay 1 

7.  Limestone,  blue l*i 

6.  Shale  and  clay S 

5.  Limestone ij 

4.    Clay % 

3.  Shale,  black,  fissile ^ 

2.  Calcareous  concretions,  highly  fosslllferous 1 

I.  Coal  (reported) l 

In  Tp.  42  N.,  R.  XXVI  W.,  Sec.  15,  Nw.  qr.  a  coal  bed 
has  been  mined,  which  is  correlated  with  the  Tebo  seam  on 
the  basis  of  the  reported  thickness  of  the  bed  and  on  the  char- 
acter of  the  limestone  fragments  lying  aronnd  an  old  opening. 
Sandstone  and  shale  are  the  only  rocks  outcropping  along  the 
creek  to  the  west.  In  sections  20  and  29  the  sequence  com- 
piled from  numerous  outcrops  is  as  follows : 

Section  XX  V.     Outcrops  in  Sections  20  and  29. 

Feet 

II.  Limestone,  shaly U 

10.  Shale,  black 

9.  Limestone 

8.  Shale,  argillaceous 

7.  Shale,  black,  fissile 

6.  Coal  (Tebo) 

5.  Shale,  sandy 7 

4.  Shale,  argillaceous,  dark  at  l)ottom 5 

3.  Coal ' 

2  Sandstone 8 

1.  Clay  (710 feet  A.  T.)  2 


2. 
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In  No.  7  Broadhead  foand  '^  grayish,  globalar  ooncretions 
^Dd  Bometimes  lenticular  beds  of  dark  limerook,  which 
abounded  in  fossils,  including  Solmomya  radiata^  Nuoula  ven- 
irioosay  Ohonetes  mesoloba,  Oh.  vemeuilianay  Produett^  muri- 
catt^y  P.  nebraseensiSy  Nautilus  ferratus,  Spirifer  lineatus,  8. 
■cameratuBy  Hemipronites  crassuSy  Pleurotomaria  sphcerulata  and 
Orthoceras  oribrosum/^  The  fossils  lie  almost  together  in  the 
calcareous  concretions  in  the  shale.  They  are  not  so  abund- 
ant as  in  the  shale  overlying  the  next  coal  above  this  and  the 
individuals  are  more  evenly  distributed  among  several  species. 
No  single  species  greatly  predominates  in  number  and  size 
of  individuals. 

The  Tebo  coal  is  exposed  in  the  extreme  southeastern  part 
of  section  J 9,  and,  in  the  road  300  feet  south,  20  to  30  feet  of 
sandstone  and  shale  overlie  it.  In  Tp.  42  N.,  B.  XXVIII  W., 
Sec.  24,  Se.  qr.  a  bed  of  coal  was  reached  by  a  shaft  ( Grissman ) 
18  feet  deep.  The  coal  was  reported  to  be  30  inches  thick  and 
to  be  overlain  by  black  shale  and  that  in  turn  by  one  foot  of 
limestone.  The  top  of  the  shaft  is  about  755  feet  A.  T.  Soil 
and  shales  were  the  only  materials  encountered  above  the 
limestone  overlying  the  coal.  In  the  Young  shaft  ( section  14, 
Sw.  qr.)  the  rocks  are  the  same  and  the  shaft  is  as  deep  as  the 
<3ris6man.  In  section  11,  a  shaft  was  sunk  several  years  ago 
but  no  coal  was  taken  out.  It  was  35  feet  deep.  Only  500 
yards  north  of  this  near  the  middle  of  the  east  line  of  the 
northeast  quarter  of  section  11,  the  Tebo  coal  is  exposed  in 
the  bank  of  the  branch.  The  rocks  associated  with  it  are  the 
same  as  in  the  last  section.  In  the  bed  of  Honey  creek  just 
above  the  bridge  a  short  distance  northwest  of  this  place  a 
limestone  is  exposed,  and  again  near  the  mouth  of  the  creek  in 
the  southwest  quarter  of  section  10,  both  of  which  are  cor- 
related with  the  cap-rock  of  the  Tebo  coal. 

The  Norris  shaft  is  in  the  northeast  corner  of  section  7. 
No  detailed  record  could  be  obtained.  The  owner  of  the 
property  stated  that  two  beds  of  coal  were  struck,  one  at  a 
depth  of  35  feet  and  another  10  feet  lower.  The  upper  coal  is 
h32  inches  thick  and  the  lower  10  inches.    The  former  is  over- 
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lain  by  black  shale  and  this  is  tarii  by  limestone.  The  upper 
bed  is  correlated  tentatively  with  the  Tebo  seam.  In  section 
16,  northwest  quarter,  a  bed  of  coal  foar  feet  thick  is  reported 
at  a  depth  of  61  feet  In  a  dag  and  also  in  a  drilled  well.  Jnst 
southeast  of  the  center  of  section  17,  a  well  was  drilled  to  a  depth 
of  73  feet.  Ko  record  was  obtained  but  there  is  a  report  to 
the  effect  that  three  beds  of  coal  were  encountered;  one  of  14 
inches  in  thickness  at  a  depth  of  10  feet,  another  36  inches 
thick;  at  a  depth  of  40  feet  and  a  third  14  inches  thick  at  a 
depth  of  73  feet.  The  second  bed  here  is  correlated  with  the 
Tebo  coal.  The  bottom  bed  is  probably  the  same  as  the  one 
in  the  last  well  although  there  is  a  difference  in  the  reported 
thicknesses  at  the  two  places.  The  drillers  in  both  cases  may 
have  been  misled  by  black  shale  which  they  called  coal,  but 
even  if  the  two  occurrences  are  as  reported  and  belong  to  the 
same  bed  of  coal  it  is  not  inconsistent  with  the  character  of  the 
lower,  beds  of  this  formation.  Half  a  mile  southeast  of  this 
drill-hole  is  the  location  of  the  Hartwell  shaft  No.  2.  The  fol- 
lowing record  was  reported: 

Section  XX  VL    Record  of  Hartwell  Shaft. 

Feet. 

9.    Soil  (730  feet  A.  T.) 1 

8.    Clay,  yellow,  touRh  LI 

7.    Clay,  joint 4 

6.    Shale,  yellow  to  bluish  at  bottom 15 

6.    Limestone Vi 

4.    Clay,  hard,  bluish 8 

3.    Limestone iPi 

2.    Shale,  black,  fissile 2 

1.    Coal  2S 

This  is  a  typical  section  of  the  Tebo  coal  bed  and  its  asso- 
ciated rocks.  Towards  the  south  the  strata  evidently  rise. 
The  Tebo  seam  is  next  seen  at  the  Marvin  school-house  ( Tp. 
41  N.,  B.  XXVII  W.,  Sec.  6,  Nw.  qr.).  It  lies  here  at  an  eleva- 
tion of  about  740  feet  A.  T.,  a  rise  from  the  Hartwell  shaft  of 
50  feet.  A  thin  bed  of  coal  outcrops  100  rods  down  the  branch, 
and  also  a  very  thin  and  non-persistent  one  in  the  bluffs  of 
Orand  river  one  and  one-half  miles  north  of  the  school-house. 
The  other  beds  exposed  in  the  south  bluff  of  Orand  river  are 
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Mndatones  and  shales.    These  areillastrated  ia  seotion  30  (Tp. 
42  K,  E.  XXVII  W.) : 

Section  XXVIL    Bluff  of  Grand  River  in  Section  30. 

Feet. 

10.  Sbale,  sandy  8 

9.  Coal  }i 

8.  Shale,  not  persistent }i 

7.  Coal  ^4 

6.  Shale,  argillaceous,  drab  8 

6.  Coal i^ 

4.  Shale,  sandy      4 

8.  Shale,  dark,  blue  8 

2.  Llmerock,  or  calcareous  Ironstone °3 

1.  Coal  (690  feet  A.  T.)  lyi 

The  upper  two  ooal  layers  thia  oat  within  200  feet  up  and 
down  the  river.  The  strata  all  rise  away  from  the  same  point 
in  both  directions.  The  rise  is  very  slight,  aboat  three  feet  in 
100.  The  lowest  coal,  No.  1  in  the  section,  cannot  be  corre- 
lated with  any  bed  met  with  so  far.  The  nearest  correlation  is 
with  the  thin  bed  in  the  section  at  Gilkerson  ford,  bat  there 
are  a  great  namber  of  exposures  along  Orand  river  between 
these  two  points,  and  it  is  certain  that  no  persistent  bed  of  coal 
crops  oat  below  the  horizon  of  the  Tebo  coal.  There  seems 
to  be  a  great  namber  of  thin  beds  of  limited  area,  formed  orig- 
inally in  slight  depressions,  snch  as  the  section  above  indi- 
cates. It  is  reported,  however,  that  a  bed  of  coal  was  mined 
at  one  time  in  the  bed  of  Orand  river,  near  the  old  Barned 
bridge  (Tp.  41  N.,  R.  XXVI  W.,  Sec.  7,  Sw.  qr.),  but  the 
drill-hole  near  the  Mallet  coal  mine  proves  that  the  bed  does 
not  extend  far  in  that  direction  on  that  horizon  and  a  drill-hole 
sank  one  mile  west  of  of  Hartwell  shows  that  the  coal  doea 
not  extend  far  northward.  The  basin-like  character  of  the 
lower  beds  of  the  coal  measures  is  explained  by  regarding 
them  as  belonging  to  the  same  horizon  on  an  uneven  floor,  the 
deposition  progressing  in  the  separate  basins  at  about  the 
same  time.  The  drill-hole  west  of  Hartwell  referred  to  above 
is  in  Tp.  42  K,  B.  XXVIII  W.,  Sec.  18,  Nw.  qr.  It  was 
sunk  to  a  depth  of  35  feet.  A  hard  rock  was  encountered,  un- 
der which  was  a  bed  of  black  shale  and  another  hard  rock  a 
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few  feet  below.  If  this  report  is  oorrect  the  first  hard  rock 
must  be  placed  below  the  horizon  of  the  Tebo  coal  unless  the 
latter  dips  westward  from  the  Hartwell  shaft.  However  this 
may  be,  the  first  hard  rock  encountered  is  the  only  one  met 
with  in  the  drill-hole  that  can  be  correlated  with  any  of  the 
rocks  associated  with  the  Tebo  bed.  According  to  the  record 
the  coal  is  replaced  by  shale.  Four  miles  south  of  Hartwell, 
in  section  25,  a  twelve-inch  bed  of  coal  was  struck  at  a  depth 
of  18  feet  in  a  dug  well.  It  was  overlain  by  three  inches  of 
^'  sulphur  rock  "  and  that  by  shale  and  soil.  This  section  is 
somewhat  like  the  one  on  Orand  river  (section  XXYII),  half  a 
mile  northeast,  but  supposing  this  coal  is  the  one  in  the  bed 
of  the  river  and  that  the  ironstone  of  the  Orand  river  section 
is  the  same  as  the  *'  sulphur  rock  "  of  this  section,  the  bed 
must  rise  about  25  feet  southward  between  the  two  points. 
On  the  other  hand,  this  coal  bed  lies  at  about  the  same  eleva- 
tion as  the  Tebo  seam  at  its  nearest  outcrop  at  the  Marvin 
school  house,  two  miles  southeast.  There  is  nothing  in  this 
vein,  however,  excepting  its  elevation  that  would  suggest  a 
correlation  with  the  latter  bed.  About  1000  feet  east  of  the 
well  loose  blocks  of  limestone  much  like  the  cap-rock  of  the 
Tebo  coal  are  lying  in  the  road.  Above  the  top  of  the  well 
southward  everything  is  covered  with  a  deep  soil,  making  it 
difficult  to  determine  whether  it  overlies  the  rocks  in  the  well 
•or  not.  If  it  rises  very  slightly  westward  it  would  lie  in  this 
concealed  interval.  There  is  a  little  suggestion  that  such  is 
the  case  in  some  exposures  on  the  Schroeler  land  (Tp.  42  N., 
B.  XXVIII  W.,  Sec.  25,  Ne.  qr.)  A  bed  of  coal  has  been  oper- 
ated in  a  shallow  pit  here  and  the  section  measured  is  as  fol- 
lows: 

Section  XXVIIL     Outcrop  on  the  Sohrceder  Place. 

Feet 

5.    Shale,  gray,  capped  by  soil. lyi 

4.    "Sulphur  rock" 1*4 

3.    Goal,cannel 1 

2.    Coal,  block l 

1.    Clay 1 

The  cannel  coal  is  similar  to  bituminous  shale  in  appear- 
ance and  is  apparently  a  highly  bituminous  bed  of  that  kind. 
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It  is  stated  that  there  is  a  very  large  amoant  of  ash  towards 
the  top  of  the  ^ein  bat  that  the  lower  part  near  the  top  of  the 
block  coal  is  of  very  good  qaality.  Aboat  800  feet  west  of 
this  locality  and  commeooing  20  feet  above  it  is  the  Schroeder 
dng  well,  in  which  Is  reported  '^  granite"  at 'a  depth  of  12  feet. 
The  *' granite"  is  withon I  mach  doabt  a  hard,  compact  lime- 
stone. It  lies  at  aboat  the  horizon  of  the  cap-rock  of  the  Tebo 
coal.  The  evidence  is  not  safflclent  to  make  the  correlation 
secnre.  In  the  northwest  corner  of  section  36  a  coal  bed  is 
exposed  near  the  top  of  the  hill.  Going  down  the  hill  to  the 
north  the  rocks  onicroppiog  in  saccession  are  as  follows,, 
thoagh  the  exact  thicknesses  may  not  be  exactly  given  : 

Section  XXXIX,     Outcrop  south  of  the  Schroeder  Place. 

Feet. 
8.    Concealed,  with  numerous  fragments  of  limestone 10 

7.  Shale,  black,  with  yellowish  clay  at  top 2)^ 

6.    Shale,  black,  fissile IVi. 

5.    Coal 1}^ 

4     Clay  and  shale 15 

3.  Limestone 1 

2.    Shale,  sandy  and  argillaceous,  and  sandstone 30 

1.  Concealed 20 

The  base  of  the  section  is  at  the  top  of  the  well  near  the 
center  of  section  25.  The  coal  at  the  top  of  this  section  is 
mined  at  namerons  places  to  the  west  both  within  and  beyond 
the  limits  of  the  area  of  the  sheet.  It  is  thought  to  be  the 
equivalent  of  the  Honey  Greek  coal.  An  outcrop  occurring  in 
section  34,  southwest  quarter,  is  described  below  for  compari- 
son, although  the  locality  lies  outside  the  limits  of  the  sheet : 

Section  XXX.    Outcrop  in  Section  34. 

Feet. 

4.  Limestone  (860  feet  A.  T.) i 

8.  Clay  1 

2.  Shale,  black,  fissile 5 

1.    Coal  1>4 

Data  for  correlating  this  with  the  coal  in  the  preceding 
section  are  not  numerous.  There  is  some  difference  in  the 
elevation  of  the  coal  at  the  two  places  but  the  associated  rocks 
are  about  the  same.    In  Tp.  42  N.,  B.  XXYIII  W.,  Sec.  22^ 
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Ne.  qr.  a  well  was  dag  to  a  depth  of  55  feet,  in  which  a  coal 
bed  18  inches  thick  was  encoantered,  according  to  a  report  of 
the  owner ;  bat  the  exact  depth  at  which  the  coal  was  reached 
coald  not  be  given.  On  the  soath  side  of  section  15,  jast  oat- 
side  the  limits  of  the  sheet,  on  the  Elder  land,  a  well  was  dag  in 
which  the  following  rocks  were  passed  throagh  : 

Section  XXXI.     Well  on  Elder  Place. 

Feet. 

3.    Soil  and  shale  (716  feet  A.  T.) 30 

2.    Shale,  blue 20 

1.    Coal  2^ 

At  the  hoase  on  the  west  side  of  the  road,  500  yards  west 
and  also  aboat  the  same  distance  soath,  wells  were  dag  strik- 
ing coal  at  aboat  the  same  horizon. 

Along  the  north  blnffs  of  Grand  river  near  the  western 
limit  of  the  sheet  and  beyond,  especially  in  the  vicinity  of 
Urich,  half  a  mile  from  where  Grand  river  enters  the  area,  sand- 
stone and  shales  are  the  only  rocks  exposed.  A  well  sank  at 
the  Floaring  mill  in  Urich  to  a  depth  of  42  feet  passed  throagh 
sandy  and  argillaoeoas  shales  from  the  top  to  the  bottom.  The 
top  of  the  well  is  aboat  720  feet  A.  T.  From  the  position  of 
the  strata  of  the  apper  coal  measares  cropping  oat  north  of 
Hartwell  it  seems  qaite  evident  that  the  sandstones  and  shales 
anderlie  them.  The  latter  are  placed  in  the  lower  coal 
measares,  bat  the  Tebo  coal  and  its  associated  beds  which,  over 
the  greater  part  of  the  sheet  are  the  most  persistent  featares 
of  the  formation,  were  not  seen  west  of  Hartwell,  on  either  side 
of  Grand  river,  anless  the  '^granite"  in  the  Schroeder  well 
belongs  with  it.  From  a  consideration  of  the  facts  described 
in  the  preceding  pages  it  seems  improbable  that  the  Tebo  coal 
shonld  anderlie  the  coal  in  the  Elder  well.  Even  if  the  hard 
rock  in  the  Schroeder  well  shoald  not  prove  to  be  the  cap  rock 
of  the  Tebo  coal  there  is  very  little  chance  for  it  to  get  throagh 
the  n'ortheast  corner  of  section  25,  and  adjacent  parts  of  adjoin- 
ing sections.  If  it  lies  above  the  SchroBder  well  it  woald  most 
likely  have  been  foand  in  the  steep  ravines  sontheast  of  the 
well.    If  it  does  not  lie  above  the  well  it  mast  come  in  between 


OBBIGHTON  DRILLING.  63 

the  bottom  of  the  well  in  the  soathern  part  of  section  25  and 
the  top  of  the  outcrop  on  the  bank  and  blaff  of  Grand  river  in 
aection  30  of  the  next  township  east.  This  seems  improbable, 
since  it  wonld  have  been  cat  by  the  branch  running  northward 
throagh  the  latter  section.  Sandstones  and  shales  are  well 
exposed  along  it  bat  no  limestone  so  far  as  observations 
extend. 

If  the  Tebo  coal  lies  above  the  top  of  the  Elder  well  a 
northward  dip  is  necessary  to  bring  it  beneath  the  bottom  of 
the  well  at  the  Urich  mill.  There  are  some  workable  coal  beds 
oatcropping  west  and  soathwest  of  the  Elder  well  bat  they 
were  not  visited.  Work  in  this  direction  will  probably  solve 
the  problem  of  the  westward  extension  of  the  Tebo  seam  of 
coal.  Becent  drilling  at  Oreighton  at  the  extreme  western 
edge  of  the  county  and  about  five  miles  west  of  Ulrich,  fails 
to  show  any  beds  which  can  be  correlated  with  the  Tebo  coal. 

SECTIONS  IN  TOWNSHIP  43  NORTH,  RANGES  XXVI,  XXVII  AND  XXVIIl  WEST. 

In  the  soatheastern  portion  of  that  part  of  township  43 
north,  range  xxvi  west,  which  lies  within  the  area  of  the  sheet, 
limestones  are  abundantly  exposed  in  single  ledges  and  in 
fragments  which  lie  over  the  slopes  of  the  hills.  In  the  south- 
west quarter  of  section  35  the  rocks  exposed  are : 

Section  XXXI L    Outcrop  in  Section  S5. 

Foot 
8.    Concealed,  with  fragments  of  limestone  (780  feet  A.T 20 

7.  Limestone 1V<2 

6.  Clay y* 

5  Limestone 3 

4.  Shale  and  clay,  dark i 

3.  Limestone,  shelly 1 

2.  Shale,  black,  flisUe 1 

1.  Limestone,  dark,  m  bed  of  branch l^i 

Up  the  branch,  eastward,  the  rocks  rise  with  the  bed  of 
the  creek  and  where  the  road  crosses  it  near  the  southeastern 
corner  of  the  section  the  top  limestone  lies  in  the  channel. 
This  section  is  correlated  with  the  rocks  exposed  near  the 
Spangler  well,  a  mile  to  the  west.  On  the  Jones  farm  ^Tp.  43 
N.,  R.  XXVJ  W.,  Sec.  27  Sw.  qr.),  coal  has  been  worked,  in  the 
vicinity  of  which  are  exposed : 
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Section  XXXIIL    Exposure  near  the  Jones  Place, 

Feet. 

6.  SMU  coQtalnln^  small  fragrants  of  llmeitoae  (S25  feat  X.  T.) 2 

ft.    Shale,  black,  fissile 4Vi 

4.  Coal l^i 

3.  Concealed 3 

2.    Limestone,  arenaceous 1 

1.  Shale,  with  thin  sandstone 6 

The  coal  is  40  feet  higher  than  the  upper  coal  in  the  Spang* 
ler  well.  There  are  no  data  showing  a  rise  of  the  latter  seam 
northward.  The  farther  fact  that  the  sections  are  different 
justifies  a  reference  of  this  seam  to  a  higher  stratigraphic  posi* 
tion  than  the  Spangler  seam.  Not  far  above  the  coal  is  a  bed 
of  sandstone ;  and  another  bed  of  coal  is  reported  still  higher, 
bat  farther  northwestward  on  the  same  property.  A  bed  of 
limestone  caps  the  hill  in  the  extreme  soatheastern  corner  of 
section  28  aboat  40  feet  higher  than  the  coal  at  the  Jones  place. 

In  a  small  branch  in  the  northwest  portion  of  section 
28  and  adjacent  portions  of  29  a  coal  bed  occars  in  two 
or  three  places.  Beneath  it  are  shales  very  mach  like  those 
occarring  beneath  the  coal  at  the  Jones  farm.  Limestones 
are  exposed  in  many  places  in  section  26  and  the  northern  part 
of  27,  bat  the  details  were  not  made  oat.  At  Hantingdale  the 
rocks  exposed  from  the  top  of  the  hill  westward  to  the  creek 
one  and  one-half  miles  west  of  the  town,  as  nearly  as  coald  be 
determined,  areas  follows : 

Section  XXXI V.    Outcrops  at  Huntingdale. 

Feet. 
8.    Limestone  (855  feet  A.  T.) 2 

7 .  Concealed  ( probably  mostly  shales  and  sandstones) 40 

6.    Sandstone  and  sandy  shale 60 

5.  Limestone,  highly  fossillferoas,  containing  CkoneUt  muoloba  In 

great  abundance,  with  large  numbers  of  Producitu  muHeatiu.     Vi 

4.  Shale,  black,  fissile 2 

8.  Coal 1 

2.  Clay  2 

1.    Limestone a 

The  horizon  of  the  Jones  coal  is  near  the  base  of  No.  7  of 
this  section.  On  the  ground  there  is  not  mach  evidence  that 
it  occars  here  thoagh  the  soil  is  a  little  darker  than  above  or 
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below  it  The  limestoQe,  No.  8,  in  correlated  with  the  lime- 
stone in  the  soatheastern  corner  of  eeotion  28.  The  beds 
below  No.  5,  of  this  section,  are  thought  to  be  closely  associated 
with  the  rocks  exposed  near  the  Spangler  well  and  with  those 
overlying  the  upper  coal  in  the  well.  This  correlation  is  made 
because  this  limestone  appears  to  be  the  first  limestone  above 
the  Tebo  coal  and  its  associated  limestone.  The  limestones 
capping  the  Spangler  well  are  certainly  the  first  above  it  at  that 
place.  The  reason  for  thinking  this  the  first  above  the  Tebo 
coal  here  is  that  no  others  were  found  outcropping  down  the 
creek  between  this  and  where  the  latter  coal  appears.  In  the 
record  of  the  Spangler  well  a  limestone  is  reported  just  above 
the  middle  coal  but  the  outcrops  of  that  bed  in  many  places 
near  the  well  and  north  and  northeast  of  it  show  only  a 
calcareous  fossiliferous  shale  overlying  it.  Another  reason  for 
the  correlation  is  based  upon  the  fact  that  on  Tebo  creek  east 
and  northeast  of  the  northern  part  of  this  sheet  the  Chonetes 
mesoloba  and  Productua  murioatus  fauna  of  section  xxiv  occurs 
in  a  thin  limestone  associated  with  other  beds  above  and  below 
it,  which  resemble  those  associated  with  the  Spangler  coal.  It 
is  underlain  by  a  few  inches  of  bituminous  clay  and  that  in 
turn  by  a  bed  of  marly  limestone,  very  much  like  the  bed  at 
the  base  of  this  section.  It  h^s  been  clearly  demonstrated 
that  the  limestones  on  Tebo  creek  carrying  this  fauna  are  the 
first  beds  of  the  kind  above  the  cap-rock  of  the  Tebo  coal  and 
the  occurrence  of  the  same  fauna  in  somewhat  similar  associa- 
tions at  Huntingdale  is  considered  good  evidence  of  a  similar 
relation  of  these  beds  to  the  same  coal. 

Where  the  road  turns  northward  (Tp.  43  N.,  R.  XXVI  f 
W.,  Sec.  25,  Sw.  qr.)  a  limestone  is  exposed,  principally  by 
fragments,  which  belongs  in  the  sequence  exposed  in  the  last 
mentioned  section  ( xxiv ),  though  its  place  is  below  any  of  the 
beds  there  seen.  Going  down  the  hillside  600  feet  beyond,  a 
coal  bed  is  exposed  which  is  interpreted  to  be  the  Honey  creek 
coal.  Less  than  half  a  mile  north  of  this  an  outcrop  in  the  bank 
of  the  creek  shows  a  more  complete  section  of  the  successive 
beds  supposed  to  be  the  same. 
o— 5 
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Section  XXX  F.     Outcrops  in  Section  25. 

Feet. 

10.  Limestone  (740  feet  A.  T.) IS 

9.  Clay   2^^ 

8.  Limestone 1 

7.  Clay  'i 

6.  Shale,  black 2 

5.  Shale,  sandy,  light  colored 2 

1.  Coal 1*4 

3.  Shale,  light  colored 7 

2 .  Calcareous  concretions S 

1.  Shale,  dark 83^ 

According  to  in terpre lions  believed  to  be  correct,  the  foe- 
fifliferons  bed  shown  in  the  Hnntingdale  section  belongs  a  few 
feet  above  the  top  of  this  section.  A  thin  bed  of  coal  oatcrops 
in  a  ravine  in  the  soathern  part  of  section  26  of  the  same  town- 
ship, which  is  probably  the  equivalent  of  No.  3  of  the  Hnnt- 
ingdale section.  It  lies  probably  15  feet  above  the  principal 
€oal  bed  of  the  section,  and  the  absence  of  the  latter  in  the 
Spangler  and  Hnntingdale  sections  is  explained  by  the  fact 
that  it  lies  beneath  all  the  rocks  there  seen.  It  oatcrops  in 
section  26,  where  its  relation  to  No.  3  of  the  Hnntingdale  sec- 
tion was  made  out.  Its  thickness  was  not  determined,  thongh 
it  is  probably  not  more  than  12  to  15  inches.  Overlying  this 
snccession  of  rocks,  along  Honey  creek,  there  are  no  contina- 
ons  exposares  for  a  thickness  of  60  feet.  The  interval  is  prob- 
ably made  np  of  soft  shales  corresponding  to  the  shales  in  the 
in  the  Hnntingdale  section.  In  Tp.  43  N  ,  B.  XXYI  W.,  Sec. 
1,  Sw.  qr.  is  a  12-inch  bed  of  coal  lying  at  an  elevation  of  about 
790  feet  A.  T.  It  is  overlain  by  a  bed  of  black,  fissile  shale, 
and  that  in  turn  by  one  to  two  feet  of  limestone.  It  is  proba- 
bly the  equivalent  of  the  coal  at  the  Jones  place. 

Between  Honey  and  Big  creeks  the  tops  of  the  hills  are 
capped  with  limestone,  but  there  are  no  exposures  where  the 
details  are  well  shown.  In  Tp.  43  N.,  R.  XXVII  W.,  Sec.  27, 
Nw.  qr.  a  thin  bed  of  coal  is  reported  as  occurring  in  a  well 
30  feet  below  the  top  of  the  hill.  Southeast  of  the  center  of 
section  34  a  well  was  sunk  in  which  a  bed  of  coal  said  to  be  one 
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and  one  half  feet  thick  was  straok  «t  a  depth  of  18  feet,  the 
elevation  being  740  feet  A.  T.  No  other  exposures  were 
recorded  east  of  Big  creek.  The  first  one  to  be  noted  west  of 
it  is  in  the  channel  at  the  ford  in  section  29,  northwest  qaarter. 
These,  together  with  those  exposed  in  the  eastern  part  of  the 
adjacent  section  on  the  west,  are  as  follows  ^ 

Section  XXX  VL    Exposure  on  Big  Greek. 

Feet. 
8.    Shale,  sandy  (7M  feet  A  T.) 20 

7.  Coal IVi 

6.    Clay i 

5.    Limestone I14 

.     4.    SHale 1 

8.  Concealed 12 

2.  Limestone IV^ 

1.  Shale,  black,  fissile  (exposed  to  water  In  creek) 4 

This  section  is  made  np  from  ontcroppings  at  three  locali- 
ties all  within  a  short  distance  of  one  another.  The  concealed 
space  is  made  up  from  comparing  the  elevations  of  the  various 
outcrops  and  assuming  that  within  the  distances  given  the 
rocks  are  nearly  horizontal.  At  the  middle  of  the  sonth  line 
of  section  28,  as  the  road  turns  south,  half  a  mile  southeast  of 
the  last  mentioned  locality,  a  bed  of  coal  is  exposed  in  a  shallow 
pit.    The  section  is : 

Section  XXXVIL    Ooal  Pit  in  Section  28. 

Feet. 

3.  Limestone 1 

2.  Shale,  with  black  fissile  shale  at  top 9 

a.   Ooal  (720  feet  A.  T.)  1 

The  limestone  in  this  section  is  thought  to  be  the  same  bed 
as  No.  2  of  the  preceding  section.  If  so  it  shows  a  rise  to- 
ward the  south  of  as  much  as  20  feet  between  the  two  localities. 
The  shales  and  thin  sandstones  at  the  top  of  section  xxviii 
overlie  the  limestones  here,  but  the  rocks  for  a  few  feet  im- 
mediately  above  this  limestone  are  not  well  exposed.  Soath- 
ward  there  are  many  outcrops  of  limestone  in  the  road.  On 
the  township  line  the  lower  limestone  exposed  lies  about  30 
feet  above  the  foodplain  of  Big  creek.  South  of  this  a  few  low 
mounds  rising  above  the  general  level  of  the  surroanding 
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country  are  capped  with  limestone.  The  record  of  the  STorria 
shaft  shows  a  bed  of  limestone,  bat  it  has  not  been  correlated 
with  thiB  cap-rock  of  the  Tebo  coal.  The  details  of  the  relation 
of  the  limestone  to  the  coal  bed  coald  not  be  obtained,  and 
the  farther  foot  that  the  elevation  of  the  top  of  the  shaft  is  not 
accarately  determined  makes  any  correlation  doabtfal.  How- 
ever, it  seems  probable  that  the  lower  coal  bed  and  the  lime- 
stone overlying  it  in  the  last  section  lie  at  a  higher  horizon 
than  the  top  of  the  Norris  shaft, 

A  bed  of  coal  was  strack  in  a  well  in  a  ravine  near  the 
middle  of  the  west  line  of  the  northwest  quarter  of  section  32. 
Several  feet  of  sandy  shale  were  passed  through  above  the 
seam,  but  the  rooks  immediately  overlying  it  were  not  de- 
termined. West  of  this,  and  at  a  considerably  higher  horizon 
at  least  one  more  bed  of  coal  occurs.  The  associated  rocks 
consist  of  shales  and  limestones,  with  the  latter  becoming  im- 
portant near  the  tops  of  the  hills.  In  Tp.  43  N.,  B.  XXVIII  W., 
Sec.  36,  Nw.  qr.,  a  bed  of  coal  was  mined  several  years  ago, 
and  was  reported  to  be  18  inches  thick,  and  to  be  overlain  by 
black  fissile  shale.  No  ledge  of  limestone  is  recorded,  but  it 
is  found  capping  the  neighboring  hills.  Other  outcrops  are 
not  recorded  in  this  part  of  the  sheet  excepting  the  beds  of 
sandstone  and  shale  in  the  vicinity  of  Urich  as  already  de- 
scribed. 

FLORA  OF  IHB  GOAL  MEASURES. 

An  unique  and  extensive  coal  flora  occurs  in  Henry  county. 
The  plants  are  chiefly  described  by  Lesquereaux.  The  com- 
plete list  so  far  as  identified  is  given  below.  The  types  are 
chiefly  in  the  collection  of  Dr.  J.  H.  Britts,  of  Olinton,  who 
discovered  this  rich  plant  bed.  The  plants  are  found  in  the 
shales  immediately  overlying  the  Jordan  coal  at  a  locality  one- 
half  mile  east  of  Deepwater,  and  at  the  Pitcher,  Owen  and 
McLeod  mines  southeast  of  Olinton. 

Taonurus  collettl.  Lesqx. 

Annul  aria  anguitlfolla,  Lesqx. 

Annularla  longlfolla,  Brgt. 

Annularla  sphenophyloldes,  Lenk.  and  Gutb. 

Asterophyllltes  fasclculatufl,  Lesqx. 
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AsterophyUites  rlgldus,  Brgt. 
Calamltes  clstll,  Brgt. 
Calamltes  suckowll,  Brgt 
Sphenophyllum  erosum,  LI.  andHutt. 
gphenophyllum  flUculme,  Lesqx. 
Sphenophyllum  longlfnllum,  Germ. 
Sphenophyllum  oblonglfoUum,  Gtorm. 
Sphenophyllum  schlothelml,  Brg^. 
Xeuropterls  angustlfolum,  Brgt. 
Neuropterls  cordata.  Brgt. 
Neuropterls  dllotata,  U.  and  Hutt. 
Neuropterls  flexuosa,  Lesqx. 
Neuropterls  hlrsuta,  Lesqx. 
Neuropterls  loshl,  Brgt. 
Neuropterls  mlssourlensls,  Lesqx. 
Neuropterls  rarlnervls,  Beeby. 
Neuropterls  tenulfolla,  Brgt. 
Odontopterls  heterophylla,  Lesqx. 
Odontopterls  sphenopteroldes,  Lesqx. 
Odontopterls  subcrenulata.  Lesqx. 
Dlctyopterlsobllqua.  Beeby. 
Alethopterls  amblgua.  Lesq. 
Alethopterls  lonchltlca,  Schloth. 
Alethopterls  serlll,  Brgt. 
CalUpterldlum  membranaceum,  Lesqx. 
CalUpterldlum  owenll,  Lesqx. 
CalUpterldlum  sulUvantll,  Lesqx. 
Pseudopecopterls  acuta,  Brgt. 
Pseudopecopterls  Irregularis,  St. 
Pseudopecopterls  macllenta  LI.  and  Hutt. 
Pseudopecopterls  nummularla,  Gutbler. 
Pseudopecopterls  obtusUoba,  Brgt. 
Pseudopecopterls  sUUmannl,  Brgt. 
Pecopterls  arborescens,  Brgt. 
Pecopterls  cllntonl,  Lesqx. 
Pecopterls  crlstata,  Getb. 
Pecopterls  dentata,  Brgt. 
Pecopterls  erosa,  Gutb. 
Pecopterls  pennsformls,  Brgt. 
Pecopterls  vestlta,  Lesqx. 
Sphenopterls  brlttsl,  Lesqx. 
SpheoopterlschaBrophyloldes,  St. 
Sphenopterls  crlstata,  Brgt. 
Sphenopterls  dubulssonl,  Brgt. 
Sphenopterls  f areata,  Brgt. 
Sphenopterls  gravenhorstl,  Brgt. 
Sphenopterls  mixta,  Schp.  , 

Sphenopterls  splnosa,  Gopp. 
Sphenopterls  splendens,  Lesqx. 
Sphenopterls  trldactylltes,  Brgt. 
Kremopterls  mlssourlensls,  Lesqx. 
Bhacophyllum  adnascens,  LI.  and  Hutt. 
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Rhacophyllum  arborescens,  Lesqx. 
Bhacopbyllom  flllclforme,  Schp. 
Rhacopbyllum  flmbrlatum,  Lesqx. 
Rhacopbyllum  bamulosum,  Lesqx. 
Bbacopbyllum  blrsutum,  Lesqx 
Sbacopbyllum  lactuca,  St. 
Bbacopbyllum  membranaceum,  Lesqx. 
Bbacopbyllum  splnosum,  Lesqx. 
Sorocladus  opbloglossoldes,  Lesqx. 
Lepldodendron  biittsl,  Lesqx. 
Lepldodendron  cyclostlgma,  Lesqx. 
Lepldodendron  lanceolatum,  Lesqx. 
Lepldodendron  marginatum,  Lesqx. 
Lepldodendron  sternbergl,  LI.  and  Hutt. 
Lepldopblolofl  dllatatufl,  Lesqx. 
Lepldopblolofl  slglllaroldes,  L^sqx. 
Lepldopbyllum  magum,  Brgt. 
Lepldophyllum  mlnutum,  Lesqx. 
Lepldostrobus  goldenbergll,  Scbp. 
Slglllarla  flssa,  Lesqx. 
Slglllarla  menardl,  Lesqx. 
Slglllarla  venlformls,  Brgt. 
Slglllarla  scalpta,  Lesqx. 
Slglllarla  splnulosa,  ijenn. 
Plnnularla  caplllacese,  Lesqx. 
Cordlantbus  dlcbotomus,  Lesqx. 
Cordlantbus  gemmlfer,  Lesqx. 
Cord aJtes  communis,  Lesqx. 
Cordaltes  dlverslfollus,  Lesqx. 
Lepldoxylon  anomalum,  Lesqx. 

Pleistoobnb  and  Bbobnt  Dbpobits. 

The  Olinton  area  lies  soath  of  the  eonthern  limit  of  the 
glacial  drift.  No  foreign  bowlders  nor  any  material  at  all 
similar  to  the  drift  clays  and  sands  of  northern  Mitfsoari  occur. 
Probably  the  only  deposit  occurring  in  the  area  that  belongs 
to  either  of  these  classes  is  the  allavinm  of  the  stream  valleys. 
At  some  localities  on  lowland  near  the  larger  streams  there  is 
a  peculiar,  though  rather  thin,  deposit,  the  nature  and  origin 
of  which  has  not  been  fully  determined.  It  may  be  the  equiva- 
lent of  the  loess  of  the  Missouri  river  counties,  or  careful 
examination  may  show  it  to  be  only  a  phase  of  the  residuary 
soils  of  the  area. 

The  alluvium  of  the  river  and  creek  bottoms  underlies 
rather  a  large  portion  of  the  aieal  extent  of  the  county.    In 
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many  places  there  are  indioations  of  two  phases  of  this  deposit ; 
an  older  one  inelading  much  the  larger  part  of  the  total  area, 
made  np  of  yellowish  to  drab  clay  with  little  or  no  gravel,  or 
other  coarse  material,  and  a  later  phase  made  up  of  clay,  sand 
and  small  gravel  lying  in  a  narrow  strip  aloDg  the  present 
channels  of  the  streams.  The  sarfSftce  nnderlain  by  the  deposit 
of  the  first  phase  is  generally  bare  of  timber,  is  poorly  drained 
and  has  nnmerons  large  ponds  and  marshes  scattered  over  it. 
It  supports  a  growth  of  a  coarse  grass.  The  surface  under- 
lain by  the  deposits  of  the  other  phase  is  generally  covered 
with  timber,  and  when  cleared  it  is  sufficiently  well  drained  to 
produce  good  crops. 

GEOLOGICAL  STRUCTURE. 

GENERAL  OROSS-SEGTIONS. 

The  stratigraphic  relations  of  the  beds  are  shown  in  the 
cross-sections  on  plate  iii.  The  location  of  each  section  is 
shown  on  the  topographic  map.  Section  1  shows  the  relations 
of  the  strata  across  the  northern  part  of  the  sheet,  and  also 
the  persistence  of  the  different  beds  and  the  general  north- 
westward dip.  Section  2  shows  the  relation  of  the  beds  across 
the  central  part  of  the  area  including  some  beds  beneath  the 
horizon  of  the  Tebo  coal.  Section  3  extends  across  the  south- 
ern part  of  the  sheet. 

t7N00NF0RMITIES. 

No  plane  of  unconformity  appears  to  be  exposed  within 
the  area  exeepting  that  of  the  alluvium  on  the  older  rocks. 
From  observations  made  in  the  districts  adjoining,  it  is  known 
that  the  coal  measures  lie  unconformably  on  the  lower  Car- 
boniferous. The  line  has  been  exposed  by  Marshall  creek,  but 
18  now  covered  again  by  alluvium. 
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COAL  DEPOSITS. 

The  coal  deposits  of  the  Olinton  sheet  are  importaDt,  thoagh 
on  account  of  the  lack  of  proper  transportation  facilities  they 
have  never  been  mined  to  a  great  extent.  Small  mines  have 
been  opened  in  a  great  number  of  places,  but  at  comparatively 
few  of  these  has  there  been  any  mining  done,  excepting  what 
was  necessary  to  supply  the  local  demand  for  fuel.  The  Mis- 
souri, Kansas  and  Texas  railroad  does  not  cross  either  of  the 
coal  fields  of  the  Clinton  area,  but  runs  parallel  to  both  belts, 
and  lies  on  barren  ground  between  the  two.  The  Kansas  Oity, 
Olinton  and  Spiingfield  railroad  crosses  one  of  the  fields,  and 
reaches  the  other  only  near  the  border  of  the  area.  The  Kan- 
sas Oity,  Osceola  and  Southern  railroad  crosses  only  one  of 
them,  but  taps  the  other  just  beyond  the  eastern  border  of  the 
district.  There  was  no  mining  for  shipment,  therefore,  until 
after  the  building  of  the  two  last  mentioned  roads.  This  was 
about  ten  years  ago.  Before  that  date  there  was  no  mining  on 
a  commercial  scale  within  the  Olinton  area.  Small  mines,  how- 
ever, have  been  in  operation  ever  since  the  first  settlement  of 
the  country. 

GEOGBAPHIG  DISTRIBUTION   OF  THB  DEPOSITS. 

The  workable  coal  deposits  of  the  Olinton  sheet  underlie 
two  separate  areas,  and  include  three  different  beds  of  coal,  in 
two  of  which  are  practically  all  the  mines,  the  third  one  being 
too  thin  to  be  worked  at  a  profit,  excepting  under  the  most 
favorable  circumstances.  One  of  these  areas,  of  which  Deep- 
water  is  the  center,  lies  in  the  southeastern  corner  of  the  sheet. 
It  includes  the  Jordan  coal  bed.  Only  a  small  portion  of  the 
total  area  underlain  by  this  coal  bed  lies  within  the  limits  of 
the  Olinton  sheet,  the  rest  or  nearly  all  the  rest,  lying  within 
the  Oalhonn  sheet.  The  western  limit  of  this  area  enters  the 
sheet  from  the  soufh,  near  Marshall  cieek,  and  runs  thence 
northeastwardly,  in  an  irregular  line,  pasi^ing  across  the  east- 
ern border  about  on  the  latitude  of  Clinton.  The  coal  bed  may 
extend  west  of  this  line  but  the  best  evidence  indicates  that  if 
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it  doea,  it  becomes  very  much  thiDDer,  too  thin,  in  fact,  to  be 
worked  profitably.  * 

The  other  area  extends,  in  a  belt  several  miles  in  width, 
northeastward  and  soathwestward  across  the  central  and  north- 
western parts  of  the  sheet.  Its  eastern  boundary  enters  the 
southern  border  of  the  Olinton  area  near  Montrose.  It  runs 
thence  northeastwardly  across  Grand  river,  southwest  of  Olin- 
ton, and  the  eastern  border  of  the  area  about  two  miles  north 
of  the  same  place.  This  line  is  shown,  in  great  detail*  on  the 
accompanying  folio  map  as  the  outcrop  line  of  the  Tebo  coal 
bed.  The  western  border  of  this  belt  crosses  the  western  line 
of  the  district  about  three  miles  south  of  where  Grand  river 
crosses  the  same  line.  It  trends  northeastward  approximately 
parallel  to  the  eastern  border. 

The  coal  beds  which  are  workable  within  this  belt  are  the 
Tebo  and  Honey  creek  beds.  The  upper  one,  the  Honey  Greek 
bed,  is  known  to  occur  west  of  the  Olinton  area,  but  between 
the  western  limit  of  the  belt  as  indicated  above  and  the  west- 
ern line  of  the  sheet  it  does  not  occur  in  such  a  position  as  to 
be  available  for  mining.  It  apparently  dips  toward  the  north- 
west, and  over  the  northwestern  part  of  the  area  seems  to  be 
replaced  by  sandstone.  It  is  believed  to  appear  also  in  the 
extreme  western  part  of  the  county  and  in  the  eastern  part  of 
Oass.  This  may  be  due  to  a  rise  of  the  beds,  or  to  a  reappeu*- 
ance  beyond  a  barren  area  of  sandstone.  The  lower  or  Tebo 
bed  appears  to  thin  out  near  the  western  border  of  the  belt 
described  above.  A  careful  consideration  of  outcrops  and  an 
examination  of  well-borings  fail  to  show  its  existence  west  of 
the  line. 

VBBTIOAL  DISTBIBUTIGN  OF  THB  GOAL  BBDS. 

The  coal  bed  mined  in  the  southeastern  area,  the  Jordan 
bed,  is  geologically  the  lowest  seam  within  the  limits  of  the 
region.  It  lies  very  near  the  base  of  the  coal  measures.  Its 
elevation  above  the  bottom  of  the  formation  varies  slightly  in 
different  places  on  account  of  the  uneveness  of  both  the  old 
surface  upon  which  the  coal  measures  were  laid  down,  and  the 
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coal  bed  itself.  The  rooks  assooiated  with  it  dip  westward 
and  extend  under  the  central  area,  but  the  resalts  of  the  ex- 
amination of  outcrops  and  drill-hole  records  show  that  the 
coal  thins  out  necjr  the  western  line  of  the  field  already  de- 
scribed.  The  Jordan  coal  bed  occupies  a  basin  Ijing  in  the 
southeastern  corner  of  the  Olinton  and  the  southwestern  part 
of  the  Oalhoun  sheet  and  extends  a  few  miles  south  of  the 
southern  limits  of  both  districts.  The  Jordan  coal  is  the  only 
workable  bed  in  the  southeastern  area.  A  thin  bed  ( 8  inches 
thick)  overlies  it  in  most  of  the  area,  but  it  is  too  thin  to  pay 
for  mining. 

The  next  higher  bed,  above  the  Jordan  seam,  which  is  of 
workable  thickness  is  the  Tebo  bed.  The  area  underlain  by  it 
has  already  been  described.  Its  thickness  and  character  are 
uniform  over  the  whole  area.  It  is  persistent  excepting  when 
cut  out  by  streams.  The  thickness  of  the  Tebo  coal  is 
uniformly  about  30  inches.  Above  the  Tebo  coal  lies  the 
Honey  Greek  vein.  Li  ke  the  former  it  is  persistent  in  character 
and  thickness  over  the  whole  area  of  its  occurrence.  It  is 
usually  12  to  14  inches  in  thickness  and,  of  course,  is  not 
workable  excepting  under  the  most  favorable  circumstances. 
It  is  mined  in  a  few  places,  on  the  outcrop,  for  fuel  to  supply 
local  demands.  It  is  nowhere  mined  excepting  in  shallow  open 
pits  and  is  not  mined  for  shipment. 

The  vertical  distance  between  the  horizons  of  the  Jordan 
and  Tebo  coals  varies  considerably  but  the  average  is  not  far 
from  101)  feet.  That  between  the  Tebo  and  Honey  Greek  coals 
is  more  constant  though  there  is  a  slight  yet  gradual  change 
from  north  to  south.    The  average  is  about  60  feet. 

Mines  in  the  Jordan  Coal  Bed. 

This  bed  of  coal  was  named  for  the  Jordan  mines  when  the 
coal  was  first  operated.  Mining  began  with  the  building  of  the 
Kansas  Gity,  Glinton  and  Springfield  railroad  about  ten  years 
ago.  Mining  in  the  same  bed  of  coal  was  begun  in  the  vicinity 
of  Brownington  a  few  years  earlier. 
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One  of  the  most  important  mines  within  the  OUnton  area 
is  that  operated  by  the  Central  coal  company  which  is  located 
abont  half  a  mile  east  of  Deepwater.  The  coal  is  reached  by  a 
shaft  which  is  located  at  the  eastern  edge  of  the  sheet,  part  of 
the  workings,  at  least,  lying  ontside  of  the  OUnton  area.  The 
shaft  is  a  doable  hoist,  well  equipped  with  machinery  for  hand- 
ling the  coal  and  for  ventilating  the  mine.  It  is  60  feet  deep 
and  is  connected  with  the  Kansas  Oity,  OUnton  and  Spring- 
field railroad  by  a  spur  abont  one  mile  in  length.    Employment 

inchefl.  ^^  furnished   to  100  men  and 
8haie,areDaceou8.  hard    _  boys.    The  mine  is  Operated 

continnoasly  thronghont  the 
year.  It  is  the  best  equipped 
and    most    valuable     mining 

Coal 20  ■* 

Shale,  pyritiferoufl,  with    ^  property  wi thin  the  area.  The 

Coal 34 


(roof)  fissile 18 

Shale,  dark  drab 12 

Sandstone  (occasionally)     8 


coal  is  shipped  to  Kansas  Oity 

and    various    points    on    the 
Shale,  with  coal 8^.^^^^^^    Q.^y^    OUnton     and 

^^y^^^"" ^  Springfield  railroad.    It  is  a 

Figure  6.    Section  of  Coal  Bed  at         good  Stcam-produciug  COal  and 
Central  Shart* 

much  of  it  is  used  for  that  pur- 
pose. It  contains  thin  plates  of  pyrite  and  gypsum  between 
the  joints,  but  otherwise  it  is  free  from  impurities.  It  is  of  a 
briUiant  black  color  and  hard  enough  to  stand  transportation 
fairly  well.    The  details  of  the  bed  are  shown  in  figure  5. 

An  analysis  of  this  coal,  made  by  J.  D.  Kobertson,  shows : 

Per  Cent. 

Moisture 5.12 

Volatile  matter 88 . 68 

Flxedcarbon «.59 

Ash 12  71 

The  same  coal  bed  is  worked  at  the  Noble  shaft  (Tp.  41 
ST.,  E.  XXVI  W.,  Sec.  34,  Nw.  qr.)  This  mine,  however,  is 
not  connected  with  the  railroad,  and  mining  is  carried  on  for 
local  consumption  only.  The  greater  part  of  the  output  is 
hauled  to  OUnton  and  used  for  domestic  and  steam  purposes. 
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It  is  worked  generally  only  throagh  the  winter  months.  It  is  the 
only  mine  that  is  worked  to  any  extent,  that  snpplies  fael  to  a 
large  area  of  well  occupied  territory  west  of  it,  and  enjoy  a  a 
good  trade.  Within  the  last  few  years  coal  has  almost  entirely 
replaced  wood  as  a  domestic  fael  even  'among  the  farmers  and 
this  has  greatly  increased  the  amoant  consumed,  making  the 
local  market  an  important  one.  This  is  supplied,  however, 
principally  from  mines  located  northeast  of  Deepwater  and  east 
of  the  area  of  the  Olinton  sheet.  The  Jordan  coal  was  oper- 
ated several  years  ago  in  a  series  of  shafts  along  the  creek 
from  the  Garth  shaft  near  Olinton  to  Grand  river.  These  mines 
have  been  abandoned. 

Operations  in  the  Tebo  Coal  Bed. 

The  Tebo  coal  bed  is  the  most  extensive  in  geographic  dis- 
tribution, of  any  of  the  coal  beds  within  the  area  of  the  sheet. 
Over  a  large  part  of  the  district  it  lies  only  a  few  feet  beneath 
the  surface.  Owing  to  the  very  resrstant  bed  of  limestone  as- 
sociated with  it,  it  is  exposed  in  a  great  number  of  places, 
many  of  which  have  been  already  described.  To  this  fact  is 
due  the  opening  of  the  great  number  of  shallow  pits.  Its  out- 
crop is  so  easily  recognized  by  its  capping  limestone  that  no 
skill  is  required  in  locating  it.  On  many  farms  along  its  out- 
crop are  pits  from  which  is  mined  fuel  for  local  use.  The 
detailed  sections  of  the  coal  bed  and  its  associated  rocks  are 
about  the  same  everywhere  that  the  outcrops  occur.  The  lat- 
ter are  located  on  the  map  and  most  of  them  have  been  de- 
scribed in  the  preceding  pages.  It  can  be  seen  from  the  de- 
scriptions that  they  are  all  very  much  alike. 

At  the  time  of  examination  only  three  small  pits  were 
being  operated  within  the  area.  These  were  the  Montrose,  the 
Mullett  and  the  Marlowe.  The  one  at  Montrose  has  been  de- 
scribed, and  it  has  already  been  shown  that  there  is  some  un- 
certainty in  correlating  it  with  the  Tebo  coal.  The  section  of 
the  Mullet  has  also  been  given.    The  Marlowe  mine  is  located 
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in  Tp.  42  N.,  R.  XXVI  W.,  Sec.  19,  8e.  qr.    The  details  are  aa 
follows : 

Feet. 

5.    LlmestoQB 1 

4.    Clar  and  black  fissile  shale  3 

8.    Limestone  (not  persistent) '.( 

2.    Coal,  with  numeroas  lenticular  masses  of  pyrlte  and  shale 2H 

1.    Clay  (exi)08ed) 2 

In  general,  within  the  area  of  the  Clinton  sheet  the  Tebo 
coal  bed  averages  about  two  and  a  half  feet  in  thickness.  It 
has  no  persistent  shale-parting  separating  it  into  benches,  but 
lenticular  masses  of  pyritiferoas  shale  are  distribated  irrega- 
larly  through  the  bed.  They  are  in  such  abundance,  in  many 
placed,  that  unless  they  are  removed  before  shipment  they  se- 
riously injure  the  sale  of  the  coal. 

Two  shafts  have  been  opened  in  the  coal  within  the  area 
of  the  sheet;  with  both  the  intention  was  to  operate  on  an  ex- 
tensive scale.  They  ar6  both  near  Hartwell,andare  connected 
with  the  Kansas  Oity,  Clinton  and  Springfield  railroad.    Here- 

Inches,  f^f^j^  ^Yiej  have  not  been  op- 

Umestone  (cap- rock)...    14 

erated  extensively  and  there 
Shale, black,  fissile,  with       have  been  no    facilities    for 

hard,  calcareous  lay-  »        j,.  i  a-i»  i^ 

ers  at  times 88  handling  large  quantities   of 

coal.     Both  shafts  are  shal- 
low, less  than  40  feet  in  depths 

Coal 34  and  in    each   the    coal    was 

...  ,  hoisted  by  horse-power.     At 

Shale,  clayey,  black 2   "^  •'  ^ 

YirecitLY 20  the  present  time  one  of  these 

shafts  is  being  operated  in  a 
Figure  6.  ^l^^ilif^mS!'^®'*  *'  very  small  way,  the  other  hav- 
ing been  abandoned  some  years  ago.  The  reasons  given  for 
the  abandonment  were  that  the  expense  incurred  in  rendering 
the  coal  marketable  was  too  great  to  warrant  mining.  The  de- 
tails of  the  seam  are  given  above  (figure  6)  • 

The  same  bed  of  coal  is  operated  at  a  number  of  places  in 
the  vicinity  of  Lewis  station,  about  seven  miles  northeast  of 
Olinton. 
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An  analyBis  of  the  coal  from  the  Hartwell  mine,  by  Bob- 
ertaon,  gave  the  following  reanlta : 

Percent. 

Moisture B.T6 

Volatile  matter 39  79 

Fixed  carbon «.03 

Aih U  42 

Ohanyenet  made  an  analyaia  of  the  same  coal  from  the 
Britts  mine,  five  miles  west  of  Olinton.    The  resalts  are : 

Top.  Middle. 

Water 2.89  3  88 

Volatile  matter 28.66  43.67 

Fixed  carbon 60  71  43.42 

Ash 17.85  903 

The  Tebo  coal  bed  underlies  an  area  within  the  Clinton 
sheet  of  abont  80  square  miles.  Assuming  its  thickness  to 
average  only  30  inches,  and  allowing  1000  tons  of  coal  for 
each  foot  of  thickQCSS  over  each  acre  in  extent  the  total  ton- 
nage amonnts  to  128,000,000  tons  of  workable  coal.  Allowing 
30  per  cent  for  waste  there  remains  85,300,000  tons  of  avail- 
able coal.  The  amount  mined  np  to  date  is  so  small  compara- 
tively, that  it  need  not  be  considered. 

The  Honey  Greek  Bed. 
The  seam  which  has  been  called  the  Honey  Greek  coal  is 
not  operated  at  any  point  at  present  and  will  probably  never 
be  of  very  much  economic  importance.  It  has  been  opened  at 
several  places,  but  is  worked  only  during  the  winter  months 
and  then  only  for  local  consumption.  It  has  been  opened  at 
the  Spangler  place,  at  the  middle  of  the  south  line  of  section 
29  (Tp.  43  N.,  B.  XXVII  W.),  in  the  northwest  corner  of  sec- 
tion 10,  and  in  the  same  portion  of  section  36  of  the  next 
township  to  the  northwest.  Its  quality  seems  to  be  good,  but 
the  thickness  of  the  bed  (about  one  foot)  is  not  great  enough 
to  encourage  working. 

Other  Coal  Beds. 
A  thin  bed  of  coal  lies  between  this  one  and  the  Tebo  bed 
in  the  northern  part  of  the  sheet,  but  it  never  reaches  more 
than  a  foot  in  thickness,  and  rarely  that  much. 
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The  Jones  coal  is  also  too  thin  to  become  of  any  im- 
portance to  the  indastries  of  the  area.  It  may  be  mined  for 
fael  and  need  locally,  bat  nntil  the  cost  of  mining  thin  beds  is 
greatly  reduced  or  the  price  of  coal  becomes  mach  higher  it 
will  be  of  little  valae. 

Between  the  lowest  outcrops  in  the  west  part  of  the  area 
and  the  base  of  the  coal  measures  beneath  them  little  is 
known.  A  few  drill-holes  have  been  snnk,  alFof  which  have 
been  described  in  the  preceding  pages.  This  is  trae  of  the 
western  part  of  the  area  only.  Over  the  eastern  part,  the 
lower  Oarboniferoas  rocks  have  been  reached  at  a  namber  of 
places.  The  question  of  the  occurrence  of  deep  coal  beds  be- 
low the  Tebo  seam  and  below  the  bottom  of  the  drill-holes  in 
the  western  part  of  the  area  is  an  important  one,  but  one 
which  cannot  be  definitely  decided  from  the  data  at  hand. 
The  submergence  inaugurating  the  deposition  in  the  coal 
measures  was  a  gradual  one  and  the  deposits  at  the  base  of 
the  formation  are  everywhere  shore-line  deposits.  There  were 
estuaries  of  shallow  quiet  waters  and  islands  and  peninsulas 
on  which  the  waves  beat  and  prevented  the  accumulation  of 
deposits  of  any  kind  for  considerable  periods.  The  basins 
may  have  become  marshes  and  peat  swamps  of  small  area 
which  afterward  were  converted  into  coal  beds.  They  were 
not  continuous  over  wide  areas  nor  were  the  depostits  of  even 
thickness  throughout  the  extent  of  the  marsh.  Deposits  of 
this  character  are  known  to  have  been  formed  in  the  eastern 
part  of  the  Olinton  sheet  and  further  eastward  where  there 
are  numerous  small  basins  of  coal  which  are  not  connected 
with  one  another  and  which  were  accumulated  in  the  shallow 
estuaries  of  the  old  Oarboniferous  shore.  There  is  no  evi- 
dence at  hand  that  these  conditions  existed  only  in  the  eastern 
part  of  the  area.  Since,  from  the  known  wide  extent  of  the 
unconformity  it  .must  exist  under  the  area  of  the  western  part 
of  the  sheet,  there  is  nothing  in  the  nature  of  the  case  so  far  as 
known  to  hinder  the  occurrence  of  coal  beds  of  small  areal 
extent  under  this  part  of  the  field  as  well. 
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These  are,  however,  only  the  possibilities  of  their  existence* 
The  fact  of  their  existence  in  workable  quantities  can  be 
determined  only  by  carefal  prospecting.  Assnming  that  they 
do  exist  nnder  the  conditions  stated  there  still  remains  the 
question  of  their  availability,  and  whether  the  expense  of  the 
prospecting  necessary  to  find  and  follow  such  deposits  would 
warrant  their  operation. 

CLAY  DEPOSITS. 

(By  H.  A.  Wheeler.) 

The  clay  deposits  of  the  area  were  especially  investigated 
from  a  commercial  and  economic  point  of  view.  Among  the 
important  indnstries  of  Henry  connty  the  mining  of  clays  and 
their  manafactare  into  stoneware,  brick  and  tile  take  a  promi- 
nent position.  A  considerable  part  of  the  industry  is  located 
in  the  western  half  of  the  county  in  the  Clinton  area.  The 
clays  of  Henry  connty  may  be  classified  under  the  heads  of 
stoneware  or  potters'  clay,  fireclay,  shale,  residuary  clay  and 
gumbo. 

STONEWARE  OLATS. 

Under  this  head  are  several  pits  and  outcrops.  An  ex- 
posure in  a  cut  on  the  Kansas  City,  Clinton  and  Springfield 
railroad  one-half  mile  south  of  Clinton  shows : 

Section  in  Railroad  Cut  South  of  Clinton, 

Feet. 
5.    Soil «4 

4.    Sandstone 2 

3.    Shale,  yellow,  highly  lamellar,  soft  and  plastic,  with  thin  llmo- 

nlte  layer  at  the  base 1 

2.    Clay,  blue  to  gray  (potters') 5 

1.    Shale,  sandy,  brown,  very  ferruginous 2 

The  bed  of  potters'  clay  in  this  section  was  used  at  the 
Gulf  pottery  in  Clinton  and  found  very  good  for  this  purpose. 
The  Frowein  pit  is  on  the  Field  creek  road  one  mile  northwest 
of  the  town.  It  was  opened  in  1890  and  furnished  most  of 
the  clay  used  in  the  local  potteries.  The  side  of  the  exoava* 
tion  here  shows: 
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Section  at  Frotcein  Pit. 

Feet. 

5.    Shale,  sandy,  light  gray 4 

4.    Shale,  sandy,  gfay 1 

3.    Shale,  yellow,  sandy 1 

2.    Sandstone,  soft,  gray,  ferruginous 1 

1.    Shale,  sandy,  dark  gray,  somewhat  Iron  stained 5 

The  bottom  bed  exposed  is  the  one  ased  in  the  potteries. 
It  shows  the  following  characteristics :  Golor  variable,  very 
light  gray  to  olive  green  to  blue  to  blacki  very  mach  stained 
yellow  to  brown  by  iron.  Texture  laminated,  fioe-grained, 
rather  soft,  and  not  uniform.  Taste  gritty  and  fat.  Slacked 
slowly  bat  completely  into  coarse  granules.  Pyrite  was  not 
visible,  but  a  few  very  small  mica  flakes  were  present.  When 
ground  to  20-mesh  and  mixed  with  21.5  per  cent  of  water  it 
made  a  plastic  paste  that  shrank  7.7  per  cent  on  drying  and 
4.0  per  cent  when  vitrified,  giving  a  total  shrinkage  of  11.7  per 
cent.  Briquettes  of  the  air-dried  mud  gave  an  average  tensile 
strength  of  143,  and  a  maximum  of  164  pounds  to  the  square 
inch.  Incipient  vitrification  occurred  at  1,950°F.,  and  viscous 
above  2,350^  It  rapidly  dried  and  heated  without  crackings 
and  burned  to  a  brown  compact,  tough  body,  when  vitrified. 

An  analysis  gave  the  following  results  : 

Percent. 

Silica 64.97 

Alumina 22.64 

Water  5  50 

Sesqutoxlde  of  Iron 3.28 

Lime 0.61 

Magnesia 0.80 

Alkalies 2  74 

Total 100  54 

Total  fluxing  Imparities  7.43 

Specific  gravity 2.37 

About  four  miles  northwest  of  Clinton  (Tp.  42  N.,  B. 
XXVI  W.,  Sec.  29,  Nw.  qr.)  on  Field  creek,  Ladd  found  the 
following  section : 


G— 6 
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Section  on  Field  Creek. 

Feet. 

18.  Llmerock,  hydraulic IS' 

12.  Fireclay,  cdlcareous 2*^1 

11.  Shale,  black,  with  concretions 1 

10.  Shale,  black,  with  fossils 6 

9.  Coal 8 

8.  Fireclay,  Impure  (1  foot  ferruginous) 3>« 

7.  Coal 1 

6.  Fireclay i 

5.  Shale,  black,  soft,  contains  alum  (taste) u 

4.  Coal IS' 

3.  Fireclay,  Impure,  sandy 3 

2.  Sandstone.  IS 

1.  Clay,  potters'  (sample  tested) 4 

A  sample  of  the  potters'  clay  that  was  collected  had  the 
following  characteristics:  Oolor  light  gray  to  blaish  black, 
with  yellow  to  brown  iron  stains.  Textare  soft,  laminated, 
very  fine-grained  and  uniform.  Taste  rather  fat  and  decidedly 
of  alam.  Slacked  very  slowly  and  imperfectly  into  coarse 
grannies.  Pyrite  was  present  as  small  seams  and  crystals. 
When  ground  to  20-mesh  and  mixed  with  18.5  per  cent  of 
water  it  made  a  decidedly  plastic  paste  that  shrunk  6.5  per 
cent  in  drying  and  4.0  per  cent  when  vitrified,  giving  a  total 
ehrinkage  of  10.5  per  cent.  Briquettes  of  the  air- dried  mud 
gave  an  average  tensile  strength  of  140,  and  a  maximum  of  163 
pounds  to  the  square  inch.  Incipient  vitrification  occurred  at 
IfiOO""  R,  complete  at  2,000''  and  viscous  above  2,200^.  It 
dried  rapidly  and  heated  without  checking  and  burned  to  a 
red  to  brown,  compact,  tough  body  when  vitrified. 

An  analysis  gave  the  following  results: 

Per  cent. 

Silica 66.89 

Alumina 26.  i» 

Water 8  t?0 

Sesquloxide  of  iron 4.83 

Lime O.M 

Magnesia 0.81 

Alkalies 8.S9 

To»al 99  M 

Total  fluxing  Impurities 9.56 

Specific  gravity 2  83 
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On  the  Grant  farm,  three  and  one-half  miles  north  of  Clin- 
ton, the  following  aeotion  is  to  be  seen  on  the  bank  of  the 
•creek : 

Section  on  the  Orant  Place, 

Feet. 

6.  Soil 2 

6.  Shale,  sandy,  yellow  and  gray  (sampled) 6 

4.  Shale,  soft,  fat,  black  to  drab 5 

8.  Sandstone,  coarse,  yellow l 

2.  Shale,  black 2 

1.  Coal  (exposed) 2 

A  sample  of  the  top  shale  that  was  collected  gave  the  fol- 
lowing characteristics :  Oolor  olive  green  to  yellow,  with  oc- 
casional brown  iron  stains.  Textnre  fine,  laminated,  very  fine- 
grained, soft  and  uniform.  Taste  fat.  Slacked  slowly  and 
perfectly  into  fine  grannies.  Pyrite  was  not  noticeable.  When 
ground  to  20-me8h  and  mixed  with  2L.5  per  cent  of  water  it  made 
a  very  plastic  paste  that  shrunk  8.0  per  cent  in  drying  and  4.0 
per  cent  when  vitrified,  giving  a  total  shrinkage  of  12.0  per  cent. 
Briquettes  of  the  air-dried  mud  showed  an  average  tensile 
strength  of  189  and  a  maximum  of  207  pounds  to  the  square  inch. 
Incipient  vitrification  occurred  at  1,900°  F,  complete  at  2,100° 
and  viscous  above  2,300°.  It  dried  rapidly,  but  required  slow 
heatlDg  and  cooling  to  avoid  checking.  It  burned  to  a  pink  to 
gray,  tough,  compact  mass  when  vitrified.  This  bank  has  not 
been  utilized  as  yet,  but  it  is  well  adapted  for  stoneware. 

An  analysis  gave  the  following  results  : 

Per  cent. 

Silica 67.38 

Alamlna 26  09 

Water 8.74 

Sesquloxlde  of  Iron 4  09 

Lime 0.84 

Magnesia 1.17 

Alkalies 2  74 


Total 100.00 


Total  detrimental  Impurities 8.84 

specific  graTlty 2.26 

At  Oilkerson  ford  a  sample  that  was  collected  by  Ladd  of 
the  seam  of  fireclay  that  outcrops  on  the  bank  of  the  Orand 
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river,  five  miles  Boath  of  Clinton  and  the  details  of  which  are 
given  elsewhere,  had  the  following  characteristies :  Oolor  light 
gray  and  occasionally  stained  yellow  to  brown  with  iron» 
Texture  massive,  compact,  fine-grained,  sandy,  and  nnifonn» 
Taste  very  lean  and  gritty.  Slacked  very  slowly  and  imper- 
fectly. Pyrite  was  not  visible,  but  white  scales  of  mica  were 
sparingly  distributed.  When  ground  to  20mesh  and  mixed 
with  18.0  per  cent  of  water  it  made  a  decidedly  short  to  very 
slightly  plastic  mass  that  shrunk  5.3  per  cent  in  drying  and  6.0 
per  cent  when  vitrified,  giving  a  total  shrinkage  of  11.3  per 
cent.  Briquettes  of  the  air-dried  mud  gave  an  average  tensile 
strength  of  54,  and  a  maximum  of  €0  pounds  to  the  square 
inch.  Incipient  vitrification  occurred  at  2,100°  F.,  complete  at 
2,300^  and  viscous  above  2,500^  It  dried  rapidly,  and  heated 
without  cracking.  It  burned  to  a  buff  to  gray,  strong  dense 
body  when  vitrified. 
An  analysis  gave : 

Per  cent. 

Silica 76.99 

Alumina 14.72 

Water  3.86 

Sesquloxlde  of  Iron 2.48 

Lime 0  Gs 

Magnesia 0  58 

Alkalies 2.38 

Total 101 .66 

Total  fluxing  Impurities 6.09 

Specific  graTlty 2.36 

This  clay  is  almost  refractory  enough  to  meet  the  demanda 
of  firebrick.  It  is  well  adapted  for  stoneware,  though  it  is  not 
jet  utilized  for  that  purpose. 

One  mile  west  of  the  town  of  Brownington  is  the  Blair 
clay  pit,  from  which  about  32  cars  of  620  tons  a  month  are 
shipped  to  the  Kansas  Oity  Sewer  Pipe  Oo.,  for  sewer-pipe.  The 
top  shale  and  the  two  seams  or  potters'  clay  are  worked,  which 
are  sold  for  $4.00  a  car  of  20  tons,  of  which  $1.00  or  five  cents 
a  ton  is  royalty.    The  following  section  is  exposed  at  this  place: 
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Section  at  the  Blair  Clay  Pit 

Feet. 
7.    Soil 1 


6.  Sandstoae,  gravel,  yellow  clay v. l>i 

6.  Sandstone H 

4.  Shale,  sandy   5 

3.  Olay,  potters' 6 

2.  Goal 6 

1.  Clay,  potters' 4 

A  sample  of  the  lower  potteiB'  seam  taken  gave  the  fol- 
lowing charaeteristicB :  Oolor  light  gray,  reddish  brown,  or 
blaish  blaek,  m{h  copioas  yellow  brown  iron  stains.  Textnre 
coarsely  lamellar,  very  finegrained, soft,  uniform.  Taste  gritty 
in  some  layers,  though  mostly  fat  and  a  little  of  alnm.  Slacked 
slowly  into  coarse  grannies.  Pyrite  not  noticeable;  white 
mica  present  in  small  amounts.  When  ground  to  20-mesh  and 
mixed  with  19.0  per  cent  of  water  it  made  a  plastic  paste  that 
shrunk  6.0  per  cent  in  drying  and  6.0  per  cent  when  vitrified, 
making  a  total  shrinkage  of  12.0  per  cent.  Briquettes  of  the 
air-dried  mud  showed  an  average  tensile  strength  of  110,  and 
a  maximum  of  127  pounds  to  the  square  inch.  Incipient  vitri- 
fication occurred  at  2,000""  F.,  complete  at  2,200^  and  viscous 
above  2,400°.  It  required  to  be  rather  slowly  dried  and  slowly 
heated  to  avoid  cracking.  It  burned  to  a  brown  to  gray  tough 
dense  body  when  vitrified. 

An  analysis  gave  the  following  results  : 

Per  cent. 

Silica 67.49 

Alumina 21. ii 

Water 5.96 

Sesqaloxlde  of  Iron 2.45 

Lime 0. 17 

Magnesia 0.63 

Alkalies 2.83 

Total ■  100.63 

Total  fluxing  Imparities  6.06 

Speclflc  gravity 2.23 

Ladd  gives  the  following  section  at  Montrose,  on  Price 
creek  (Tp.  40  N.,  E.  XXVIII  W.,  Sec.  26,  Nw.  qr): 
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Section  at  Montrose. 

Feet. 
6.    80II  andclay 6 

6.  Shale,  dark 6 

4.    Coal  (Impure) Vt 

3.  Olay,  potters*,  outcrop  under  creek 2^ 

2.    Shale,  sandy,  greenish 8 

1.  Coal  (exposed) l 

The  following  section  in  the  level  country  near  l^eer 
creek  (Tp.  44  K,  B.  XXV  W..  Sec.  7,  Nw.  qr.)  is  given  by 
Ladd  : 

Section  on  Deer  ereeJe. 

Feet. 

U.  Soil 1 

10.  Sandstone 2 

9.  Shale,  sandy,  light  colored 4 

8.  Shale,  black 4 

7.  Shale,  dark,  iron -stained 5>i 

6.  CJoal 1 

6.  Fireclay   4>4 

4.  Coal  4 

a.    Fireclay,  hard,  sandy,  considerably  iron -stained 6 

2.  Shale,  black 2 

1.    Coal % i*i 

The  two  thick  seame  of  so*oalled  fireclay  are  probably  very 
Batisfactory  for  stoneware. 

SHALBS. 

The  area  covered  by  the  Olinton  sheet  is  generously  sup- 
plied with  clay-shales  suitable  for  use  in  the  clay  industries. 
Henry  county  stands  second  of  the  counties  in  Missouri  in  the 
magnitude  and  variety  of  its  clay  industries.  It  is  not  only 
making  vitrified  brick  from  its  shale  but  is  shipping  shale  to 
Kansas  Oity,  95  miles  distant.  The  excellent  shipping  facili- 
ties and  the  cheap  coal  that  results  from  most  of  this  county 
being  underlain  by  workable  coal  seams  are  great  advan- 
tages that  promise  to  become  of  still  greater  importance  in  the 
future  in  developing  the  shales  and  potters'  clays.  The  map> 
of  the  Olinton  district  shows  the  points  of  outcrop  of  some 
of  the  principal  shale  beds  that  are  exposed  in  the  banks  of 
the  streams.    It  also  shows  the  fovorable  railroad  facilities,. 
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abandanoe  of  water,  and  the  location  of  manufacturing  cen- 
ters. 

Tbe  following  section  occnrs  on  the  bank  of  Town  creek 
one-eighth  of  a  mile  below  the  iron  bridge  at  Olinton,  at  the 
blnff  known  as  the  ^^  Lover's  Leap." 

Section  at  Lover's  Leap  near  Clinton, 

Feet . 

5.    Soil 2 

4.    SandstODc 16 

a.    Shale,  gray,  blue,  thin-bedded,  soft  and  Iron-stalned 3d 

2.    Shale,  black l>i 

1.    Shale,  sandy,  yellow 3 

The  shales  dip  slightly  to  the  north.  A  sample  was  col- 
lected of  the  thick  bed  (No.  3)  which  gave  the  following  re- 
salts:  Oolor  blaish,  lamellar,  and  mostly  very  fiQC-grained, 
with  some  coarse  sandy  streaks.  Taste  slightly  of  alam,  lean 
and  occasionally  very  gritty.  Slacked  not  at  all.  Pyrite  oc- 
curred in  thin  streaks  one-eighth  of  an  inch  thick,  with 
occasional  scales  of  mica.  When  gronnd  to  20-mesh  and  mixed 
with  17.0  per  cent  of  water  it  made  a  very  lean  paste  that 
shrunk  2.0  per  cent  in  drying  and  2.5  per  cent  when  vitrified, 
giving  a  total  shrinkage  of  6.5  per  cent.  It  had  an  average 
tensile  strength  of  35  poands  to  the  sqaare  inch.  Incipient 
vitrification  took  place  at  1,800''  F.,  complete  at  2,000"^  and  vis- 
cous above  2,200^.  It  dried  rapidly  and  heated  without  crack- 
ing and  burned  to  a  dark  red  body  that  was  lacking  in  strength, 
from  the  leanness  of  tbe  shale.  It  is  too  lean,  or  lacking  in 
plasticity,  to  be  worked  by  itself,  but  makes  a  fair  quality  of 
paving-brick,  sewer-pipe,  or  other  coarse  ware  if  mixed  with 
suCBcient  plastic  or  bond  clay. 

An  analysis  of  the  shale  gave  : 

Percent. 
Silica 64.69 

Alumina 26.96 

Combined  water 8  90 

Iron  sesqulozlde 4.97 

Lime 8.18 

Magnesia 0.15 

Alkalies 8.58 


Total 98  43 


Total  fluxing  Impurities 8.88 

Specific  gravity 2.26 
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At  the  Gilkerson  ford  on  Grand  river  four  miles  south  of 
Clinton  (Tp.  41  N.,  B.  XXVI  W.,  Sec.  26)  is  the  following  sec- 
tion: 

Section  at  Oilkerson  Ford. 

Feet. 

8.  Sandstone,  buff,  shaly 6 

7.  Bhale,  blue 2 

6.  Coal    .  16 

5.  Shale  and  fireclay 14S 

4.  Coal >i 

3.  Sandstone h 

2.  Sbale,  with  abundant  Iron  concretions 4 

1.  Coal,  In  liver 1*.^ 

A  sample  of  the  shales  was  obtained  from  the  above  sec- 
tion which  gave  the  following  results :  Oolor  bluish  black, 
with  occasional  brown  streaks  of  iron.  Texture  lamellar,  uni- 
form and  very  fine-grained.  Slacked  not  at  all.  Pjrite  was 
not  noticeable;  but  mica  was  abundant  as  very  fine  scales. 
When  ground  to  20-mesh  and  mixed  with  19.0  per  cent  of 
water  it  made  a  very  lean  paste  that  shrunk  4.5  per  cent  in 
drying  and  4.0  per  cent  when  vitrified,  giving  a  total  shrinkage 
of  8.5  per  cent. 

The  air-dried  mud  had  an  average  tensile  strength  of  76, 
and  a  maximum  of  8L  pounds  to  the  square  inch.  Incipient 
vitrification  occurred  at  at  t,800^  F.,  complete  at  2,000%  and 
viscous  above  2,200^  It  dried  rapidly  and  heated  without 
cracking,  and  burned  to  a  tougb,  compact,  dark  red  body. 

A  chemical  analysis  gave  the  following  results : 

rer  cent. 

SUlCa 55.02 

Alumina 24  88 

Combined  water S.Sh 

Iron  sesquloxlde 6.79 

Lime 0  68 

Magnesia 1.50 

Alkalies  3.62 


Total 99  47 

This  clay  should  be  mixed  with  a  ''  bond ''  or  plastic  clay 
to  give  the  best  results,  as  it  is  too  lean  to  work  satisfactorily 
by  itself.  At  the  Jordan  coal  mine  about  three  fourths  of  a 
mile  east  of  Gilkerson  ford,  there  are : 
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Section  of  Strata  at  Jordan  Coal  Mine. 

Feet. 

8.    Hhale,  hard,  blue,  calcareous 15 

2     Coal H 

1.  8hale,  blue,  with  Iron  concretions 9 

At  the  Kinney  ooal  slope^  two  miles  sontheast  of  Olinton, 
there  are  ten  feet  of  dark,  fine-grained,  soft  Bhales  over  the 
coal  seam.  The  Pitcher  coal  shafr,  three  miles  south  of  Clinton, 
which  is  32  feet  deep,  gives  the  following  section  : 

Section  at  Pitcher  Ooal  Shaft. 

Feet 

6.  Soil 1 

5.  Shale,  hard,  bluish,  sandy 25 

4     Sandstone ^2 

3.  Shale 1 

2.  Coal 2 

1.  Shale 6 

At  the   Grant  farm  (Tp.  42  N.,  B.  XXVI  W.,  Sec.  23) 
about  four  miles  north  of  Clinton,  the  section  is : 

Section  of  Shale  at  Grant  Farm, 

Feet. 

13  Gravel 8 

12.  Clajr,  potters*,  plastic 5 

11  Llmerock,  hydraulic 2 

10.  Shale,  gcay,  calcareous 2 

9  Shale,  black,  jointed 2 

8.  Llmerock.  hydraulic,  irregular,  lenticular  layers,  pyrltlferous. .  l% 

7.  Coal 3 

6.  Clay,  potters.  *  more  or  less  stained,  with  non -continuous  seam 

of  coal * 

5.    Coal  1 

4.  Fireclay l 

3.  Shale,  soft,  black,  fissile 4>« 

2.  Coal '4 

1.    Shale,  very  saody ,  with  slgUlarla  (exposed) 1 

Shale  No.  3  was  sampled  and  gave  the  following  results : 
Color  black  to  gray.  Texture  laminated,  soft,  very  fine-grained 
and  uniform.  Taste  strongly  of  alum  and  somewhat  fat. 
Blacked  readily  and  completely  to  grannies  one  thirtieth  to 
one-tenth  of  an  inch  in  size.  No  pyrite  was  visible.  When 
ground  to  20mesh  and  mixed  with  22.0  per  cent  of  water  it 
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made  a  stiff,  plastio  paste  that  shrank  7.3  per  cent  on  drjing^ 
and  5.7  per  cent  when  vitrified,  f^iving  a  total  shrinkage  of  13.0 
per  cent.  The  dry  mad  had  an  average  strength  of  144,  and  a 
maximam  of  159  pounds  to  the  square  inoh.  It  barned  from 
salmon  to  dark  red  on  the  surface,  while  the  interior  remained 
pinkish,  it  being  difBouU  to  obtain  a  uniform  color.  The  waro 
rapidly  dried,  but  required  to  be  heated  rather  slowly  to  pre- 
vent cracking. 

An  analysis  gave : 

Percent. 

Silica 62.70 

Alumina 26  86 

Comblaed  water 8.86 

Iron  sesquloxlde 4  49 

Lime 0.67 

Magnesia 0.68 

Sulphuric  acid 5.1» 

Alkalies 2  47 

Total 101.62 

On  Field  creek,  near  Olinton  (Tp.  42  N.,  B.  XXVI  W.,  Sec. 
29.  Ne.  qr.),  the  following  section  occurs : 

Stotion  on  Ft^eld  Creek. 

Feet. 

14.    Soil 2 

13.    Limestone,  hydraulic*  fosslUferous i^ 

12.    Clay,  potters* ,  very  ferruginous 2>i 

11.    Shale,  black,  Jointed,  with  small  concretions i 

10.    Shale,  black,  fosslUferous 6 

9.    Coal 2H 

8.    Clay,  potters*,  Impure 8 

7.    Goal  and  Impure  fireclay l 

6.    Clay,  potters*,  arenaceous,  with  si gillarla l 

6.    Shale,  black,  fissile 6 

4.    Coal  K 

3.    Olay,  potters*.  Impure,  sandy 8 

2.    Sandstone »i 

1.  Clay,  varying  from  palnt-olay  at  top  to  a  fireclay  at  bottom  ...  2 

A  sample  of  the  shale  No.  5  collected  gave :  Oolor  black- 
ish gray.  Texture  laminated,  uniform,  and  very  fine-grained.. 
Taste  strongly  of  alum,  and  rather  lean.  Slacked  slowly  and 
imperfectly  to  coarse  flakes  and  granules  one-tenth  to  one* 
fourth  of  an  inoh  in  size.  Pyrite  was  present  as  minute  grains 
one-fiftieth  to  one-hundredth  of  an  inch  in  size,  while  mica  oo* 
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oarred  in  small  amounts  as  fine  scales.  When  groand  to  20- 
mesh  and  mixed  ^ith  20.0  per  cent  of  water  it  made  a  plastic 
paste  that  shrank  6.4  per  cent  in  drying  and  4.3  per  cent  when 
vitrified,  giving  a  total  shrinkage  of  10.7  per  cent.  The  air- 
dried  mad  had  an  average  tensile  strength  of  115,  and  a  max- 
imam  of  139  poands  to  the  square  inch.  Incipient  vitrification 
occurred  at  1,600^  F.,  complete  at  1,850%  and  viscous  above 
2,050^  It  burned  to  a  dense,  tough  body  that  had  a  handsome 
red  color.  It  dried  rapidly,  but  required  to  be  slowly  heated 
to  avoid  cracking.  It  is  suitable  for  terra  cotta,  paving-brick 
and  sewer-pipe. 

The  analysis  gave  the  following  results : 

Percent. 

Silica 64.44 

Alumina 22. U8 

Combined  water 11.96 

Iron sesqaloxlde  6.86 

Lime 0.38 

Magnesia 0  69 

Alkalies 8  0'^ 


Total 100.82 

At  the  Yickers  farm  about  seven  miles  southeast  of  Olin- 
too,  and  just  outside  of  the  Clinton  area  (Tp.  41  N.,  B.  XXT 
W.,  Sec.  30,  Ne.  qr.),  in  an  old  bluff  of  Grand  river,  is  the  fol- 
lowiug  section : 

Section  at  the  Vickers  Place, 

Feet. 

6.    Slope 20 

4.    Sandstone,  much  contorted,  apparently  ferruginous 17 

8.    Ironstone,  hard K 

2.    Shale,  micaceous,  sandy 14 

1.    Sanstone  (exposed) l 

A  sample  of  the  shale  gave :  Color  light  pink  to  brown,, 
with  copious  iron  stains.  Texture  laminated,  very  fine-grained, 
with  some  sandy  streaks.  Taste  mostly  smooth  and  fat,  but 
some  portions  gritty.  Slacked  slowly  into  thin  plates  and 
coarse  granules.  No  pyrite  was  visible;  sparing  scales  of 
white  mica  were  present;  showed  fine  roots,  indicating  that  it 
was  a  surface  sample.  When  ground  to  20-mesh  and  mixed 
with  23.0  per  cent  of  water  it  made  a  stiff,  plastic  paste  that 
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shruDk  7.6  per  ceot  on  drying  and  6.7  per  cent  vhen  Titrified, 
giving  a  total  sbrink&ge  of  14.3  per  cent.  The  air-dried  mud 
had  an  average  tensile  strength  of  140,  and  a  maximam  of  157 
pounds  to  the  sqaare  inch.  Incipient  vitrification  occnrred  at 
1,700''  F.,  complete  at  1,900%  and  viscons  above  2,100^  It 
burned  to  a  compact,  strong  body  with  a  bright  red  terra  cotta 
color.  It  dried  rapidly,  but  needed  some  care  in  burning,  to 
avoid  cracking.  It  is  well  adapted  for  paving-brick,  terra  cotta 
and  sewerpipe. 

An  analysis  gave  the  following  results : 

Per  cent. 

Silica 89.06 

AlumlDa 28.05 

ComMDed  water 6.03 

Irion  sesquloxlde 7.31 

Lime 0.46 

Magnesia 0  86 

Alkalies 2  80 

Total 99.67 

Total  fluxing  impurities 11.43 

Specific  gravity 1.93 

At  the  Blair  Diamond  coal  shaft,  one  mile  southeast  of 
Deepwater  there  are  over  17  feet  of  hard  blue  shale  over  the 
coal  seam.  At  the  Keith  and  Perry  shaft  No.  1,  one-half  mile 
northeast  of  the  town  occur  20  feet  of  hard,  sandy  shale  over 
the  coal  seam,  and  an  underlying  bed  of  shale.  The  shaft  is 
60  feet  deep.  About  one  mile  east  of  Deepwater,  coal  is 
worked  by  stripping  the  15  feet  of  drab  shale  resting  on  the 
seam.  One  mile  southeast  of  the  town  the  Missouri  Olay  Go. 
works  a  bank  of  shale  about  100  yards  east  of  the  factory. 
The  section  is : 

Section  at  Mi980uri  Clay  Pit. 

Feet. 

10.  Soil 1 

9.  Loess 6 

8.  Clay.  Jointed,  Drown  to  gray 6 

7.  Clay,  gray 2 

6.  Shale,  yellow,  sandy,  coarsely  laminated 5 

6.  Coal l>t 

4.  Clay,  potters' ,  olive  to  Duff,  shaly 8 

5.  Sandstone,  soft,  gray,  argillaceous 3 

2.  Shale,  soft,  gray,  fat 6 

1.  Shale,  black 6 
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The  shale  No.  2  was  sampled  and  gave  the  following 
results :  Oolor  bluish  to  light  gray,  with  abundant  yellow  to 
brown  iron  stains.  Texture  finely  laminated,  and  sandy  in 
streaks.  Taste  somewhat  lean,  and  occasionally  gritty.  Slacked 
slowly  but  almost  completely  into  granules  one-eighth  to  one- 
fourth  of  an  inch  in  size.  Pyrite  was  not  noticeable ;  mica 
scales  were  present  in  small  amounts.  When  ground  to  20- 
mesh  and  mixed  with  21.0  per  cent  of  water  it  made  a  plastic 
paste  that  shrunk  5.7  per  cent  in  drying  and  4.0  per  cent  when 
vitrified,  giving  a  total  shrinkage  of  9.7  per  cent.  The  dried 
mud  had  an  average  tensile  strength  of  124,  and  a  maximum  of 
140  pounds  to  the  square  inch.  Incipient  vitrification  occurred 
at  1,800''  F.,  complete  at  2,000^  and  viscous  above  2,200^  It 
dried  rapidly  and  heated  without  cracking,  and  burned  to  a 
compact,  strong,  dark  red  body.  It  is  well  adapted  for  paving- 
brick,  sewer-pipe  and  terra  cotta. 

A  chemical  analysis  gave  the  following  results: 

Per  cent. 

Silica 68.64 

Alumina 18 .  49 

Combined  water 4.62 

'Iron  sesqutoxlde 3  39 

Lime 1.03 

Magnesia " 0  88 

Alkalies 2.87 

Total 99.25 

Total  flazlng  Impurities 7.76 

Specific  gravity 2.82 

At  the  Dickey  sewerpipe  works  at  Deepwater  is  the  fol- 
lowing section : 

Section  at  Dickey  Pit. 

Feet. 

4.    Boll M 

3.    Loess,  or  yellow  clay    3 

2.    Clay,  very  ferruginous,  gray 3 

1.    Shale,  soft  brown 10 

The  section  is  not  persistent  nor  uniform,  and  the  above  is 
an  average.  A  sample  taken  gave  the  followiog  results  : 
Oolor  bluish  black  to  light  gray,  with  considerable  yellow  to 
brown  iron  stains.    Texture  laminated  and  course  to  fine- 
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grained,  mostly  the  latter.  Taste,  fat  and  fcritty.  Slacked  very 
slowly  and  imperfectly  into  coarse  granules.  So  pyrite  was 
visible.  When  ground  to  20-meBh  and  mixed  with  21.0  per 
<3ent  of  water  it  made  a  plastic  paste  that  shrunk  5.8  per  cent 
in  drying  and  3.3  per  cent  when  vitrified,  giving  a  total  shrink- 
age of  9. 1  per  cent.  The  dried  mud  had  an  average  tensile 
strength  of  100,  and  a  maximum  of  110  pounds  to  the  square 
inch.  Incipient  vitrification  occurred  at  1,700^  F.,  complete 
at  1,850^  and  viscous  above  2,000^  It  dried  rapidly  and 
heated  without  danger  of  cracking,  and  burned  to  a  strong, 
compact,  dark-red  body. 
An  analysis  gave  : 

Percent 

Silica  flO  12 

Alumina 2135 

Comblaed  water 6  32 

Iron  sesquloxide    7.06 

Lime 0.82 

Magnesia 109 

Alkalies 3.48 

Total : 99.88 

Total  fluxing  impurities 12.09 

Specific  gravity 2.07 

It  is  well  adapted  for  paving-brick,  sewerpipe  and  dark 
terra  cotta.    It  is  used  for  sewer-pipe. 

BBSIDUABY  OLAYS. 

The  surface  clays  are  used  for  the  manufacture  of  ordi- 
nary building  brick  at  Olinton,  and  occasionally  at  oth<)r  places. 
There  is  no  important  industry  based  upon  their  occurrence 
and  use.  A  better  grade  of  clay  is  so  abundant  that  the  resid- 
uary clays  are  not  so  extensively  used  as  in  those  parts  of  the 
state  less  favored. 

GUMBO. 

Within  the  last  few  years  this  clay  has  become  the  basis 
of  a  large  industry  in  the  state.  The  clays  are  the  dark  allu- 
vial clays  of  the  floodplains  of  the  larger  streams  of  the  state. 
They  are  used  for  the  manufacture  of  railway  ballast  They 
could  be  used  for  making  road  material.  They  are  burned  in 
long  heaps  and  without  moulding  or  other  preparation  except- 
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iDg  tbe  buroiog.  The  organic  matter  disappears  and  the 
product  assumes  a  reddish  t>r  brick  color.  The  industry  has 
never  been  developed  in  Henry  county,  though  there  is  an  in- 
exhaustible supply  of  the  day  in  the  broad  valleys  of  Grand 
river  and  Big  and  Deepwater  creeks. 

OLAT  INDOSTRY. 

The  clay  manufacturing  industries  of  the  area  may  be 
grouped  under  three  heads :  Pottery  or  stoneware,  and  sewer- 
pipe,  and  draintile  and  brick. 

Pottery. — The  seat  of  pottery  manufacture  within  the  area 
is  at  Olinton.  There  are  three  potteries  engaged  in  the  work 
and  the  combined  product  amounts  to  about  $68,000.00  an- 
nually. The  number  of  men  employed  varies  with  the  demand 
for  the  product,  averaging  about  150.  One  of  the  potteries  is 
operated  by  steam,  the  engine  being  60-horsepower  capacity. 
This  is  the  largest  pottery  in  the  state.  The  other  two  are 
operated  by  horse  power.  The  clay  is  obtained  at  Oalhoun, 
Brownington  and  at  Olinton.  The  product  is  sold  in  western 
Missouri,  Kansas  and  the  Indian  Territory.  A  great  deal  of 
the  product  is  hauled  in  wagons  to  the  inland  towns  of  central 
Missouri. 

Setcerpipe. — The  sewerpipe  industry  of  the  area  is  located 
at  Deepwater.  The  clay  is  obtained  at  the  same  locality  and 
the  product  finds  a  market  in  Kansas  Olty  and  neighboring 
towns  and  in  Kansas.  The  manufacture  was  begun  here  in 
1886.  The  town  depends  upon  this  industry  for  its  support. 
The  value  of  the  product  in  1891  was  $150,000. 

Paving-Brick. — The  Missouri  Olay  Oompany  of  Deepwater 
engages  in  the  manufacture  of  paving-brick  in  the  Olinton  area. 
The  plant  was  begun  in  1890.  In  the  following  year  the  value 
of  the  product  was  $19,500.  The  clay  is  mined  at  the  works. 
PaviDg-brick  are  also  manufactured  at  the  Sewerpipe  works. 

Oommon  Brick. — Building  brick  are  made  at  Olinton  and 
Deepwater.  Three  yards  at  Olinton  produce  nearly  half  a  mil- 
lion brick  annually.  Oommon  brick  are  manufactured  at  Deep- 
water  also,  but  the  output  is  small. 
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ROAD  MATERIALS. 

The  material  in  the  Olinton  area  available  for  road-making 
consists  of  stone  and  olay.  The  stone  for  this  purpose  is  the 
ooal  measure  limestone  of  the  northern  part  of  the  sheet. 
There  is  not  a  large  supply  of  it  that  is  readily  available.  Its 
use  would  necessitate  a  crushing  plant  since  it  does  not  occur 
in  gravel  beds.  The  chert  fragments  from  the  lower  Oarbon- 
iferous  rocks  of  the  eastern  part  of  the  county  are  better  for 
this  purpose  and  will  probably  be  utilized  before  many  years. 

The  strong  alluvial  clays  or  gumbo  of  the  floodplains  of 
the  larger  streams  are  now  being  used  in  many  parts  of  the 
state  for  railway  ballast  after  it  is  thoroughly  burned.  When 
thoroughly  burned  it  is  very  serviceable  for  highways.  The 
area  of  the  Olinton  sheet  has  an  inexhaustible  supply  of  ma- 
terial in  the  great  floodplains  of  Grand  river  and  Big  creek. 

BUILDING  STONES. 

The  Olinton  district  is  not  very  well  supplied  with  good 
building  stone.  It  is  only  a  few  miles  away,  however,  to  an 
abundant  supply.  Some  of  the  limestones  of  the  area  make  a 
very  good  stone  for  foundations,  but  they  are  not  utilized  to 
any  great  extent.  The  limestone  associated  with  the  Tebo 
coal  is  used  locally  and  serves  the  purpose  very  well.  It  is 
easily  quarried,  is  not  too  heavy  to  be  easily  broken  and  han- 
dled with  ordinary  tools,  and  is  quite  durable,  except  in  ex- 
posed situations  it  is  liable  to  break  into  conohoidal  blocks 
from  hard  freezing.  Some  of  the  sandstones  of  the  southern 
and  southeastern  parts  of  the  area  could  be  utilized  locally  for 
the  same  purpose.  They  will  probably  never  be  the  basis  of  a 
great  quarrying:  industry,  but  they  will  supply  a  limited  local 
demand.  The  limestones  of  the  extreme  northern  part  of  the 
sheet  could  also  be  utilized. 


BUILDING  MATBBIALS.  1)7 

LIME. 

There  is  no  lime  made.  None  of  the  limestones  are  suf- 
ficiently pure  to  yield  a  good  white  lime.  The  proximity  of  the 
beds  of  lower  Oarboniferons  limestones  which  are  among  the 
best  lime-producers  in  the  world  render  it  certain  that  the  thin 
limestones  of  the  coal  measures  cannot  be  utilized. 

CEMENT. 

The  bed  of  impure  limestone  overlying  the  Tebo  coal  is 
often  referred  to  as  the  hydraulic  limestone.  It  has  never  been 
tried.  Its  appearance  indicates  that  there  is  a  possibility  that 
it  may  be  utilized  for  this  purpose  in  the  future.  It  closely  re- 
sembles the  Fort  Scott  cement  rock. 

SANDS. 

The  sandstones  of  the  southern  part  of  the  sheet  are  the 
only  sources  of  this  material  within  the  area.  Where  a  stream 
drains  a  sandstone  area  altogether,  considerable  quantities  of 
loose  sand  can  usually  be  gathered  in  its  bed.  Where  it  can- 
not be  obtained  in  this  way  the  only  way  of  getting  it  is  to 
crush  the  rock.  There  are  no  deposits  of  glacial  sand  in  the 
region. 

WATER  SUPPLY. 

The  water  supply  may  be  classified  under  three  heads : 
streams,  <*priDgs  and  wells. 

Streams, — The  creek  and  river  waters  of  the  Olinton  area 
are  abundant  when  compared  to  that  of  other  areas  of  the 
same  kind  in  the  region.  Their  value  arises  from  their  use  as 
stock  water.  They  are  not  used  for  domestic  purposes  at  all 
and  their  use  as  a  motive  power  is  very  slight.  The  streams 
flowing  the  year  round  are  all  down  to  grade.  The  fall  is  only 
a  very  few  feet  to  the  mile.  Tha  streams  all  flow  through  re- 
gions of  soft  rocks  and  as  a  result  the  water  is  discolored  by 
the  suspended  matter  which  it  always  carries.    The  water  con- 
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iMinM  no  matter,  however,  whieh  renders  it  nnplenannt  to  tlie 
tnete.  It  aerree  mm  mn  exeellent  and  wholeeome  wnter  for  stock 
snd  the  sopply  in  the  larger  streams  is  onfiuliog.  Grand  river, 
Big«  Deepwater,  Bear,  Marshall^  Field,  Honey  and  To  vn  ereeks 
carry  water  throogfaont  the  year. 

8frimg$  are  not  an  important  fketor  in  the  water  sapply 
of  the  region*  The  natore  and  stroetnre  of  the  rocks  do  not 
fsFor  their  formation.  The  closeness  in  textnre  of  the  pre- 
dominant rocks — shales — does  not  permit  the  rainfidi  to  be  ab- 
sorbed to  any  considerable  depth  nor  to  be  coDected  into 
nndergronnd  streams.  There  is  not  a  large  flowing  spring  in 
the  area.  There  are  a  few  places  where  water  collects  in  de- 
pressions by  seepage  but  these  are  rare. 

WeU$  famish  the  domestic  water  sopply  of  the  region. 
In  the  northern  part  of  the  area  water  is  nsnally  foand  where 
any  of  the  three  beds  of  limestone  of  the  Henrietta  formation 
are  encoontered.  There  are  alsb  a  few  sandstone  beds  which 
are  water-bearers.  In  the  sontheastem  part  of  the  area,  the 
sandstone  beds  of  the  Cherokee  shales  afford  a  supply  of 
good  water. 

The  most  important  well  water  of  the  area  is  that  derived 
from  the  six  deep  wells  at  Clinton.  The  oldest  of  these  wells, 
the  Clinton  Artesian,  was  drilled  in  the  sommer  of  1887.  At 
a  depth  of  425  feet  the  flow  of  water  was  200  gallons  a  minute. 
This  was  called  **  snlphar  water."  The  drilling  was  continoed 
down  to  a  depth  of  800  feet  at  which  level  the  flow  was  abont 
400  gallons  a  minote.  That  part,  200  gallons  a  minnte,  which 
came  from  the  last  400  feet  was  excellent  The  improvements 
aroand  the  well  consist  of  an  artificial  lake,  bath  honses,  pavil- 
ions and  a  hotel.  (  See  plate  v.)  The  water  is  nsed  for  both 
drinking  and  bathing  pnrposes.  An  analysis  made  by  Wood- 
ward gave  the  following  resnlta : 
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Grains  In  gallon 
suica 0.68a4 

I-lme 9  5883 

Magnesia 4  9239 

.Potassa 1.1682 

Soda 83.0016 

sulphur  trloxlde 6.3679 

Chlorine 42.0202 

Carbon  dioxide 15.7822 

Water  in  combination 3.2281 

115.7138 
Oxygen 9.4682 

Mineral  matter 106.2456 

Fixed  residue 95.1264 

United  as  follows : 

Grains  In  gallon . 

Silica  (SlOj) 0  6834 

Calcium  bicarbonate  (CaH2  (COs) 2) 16  7231 

Magnesium  bicarbonate  (MgHjCCOs/s) 11. 1125 

Calcium  sulphate,  (CaS04) 9.1254 

Magneslan  chloride  (MgCl2) 4 .  4639 

Potassium  chloride  (ICCI) l  8518 

Sodium  chloride  (NaCl) 62.2858 

Mineral  matter 106.2454 

The  water  may  be  classified  under  mnriatio  waters. 

The  Water  Works  well  is  only  a  short  distance  away  from 
the  Olinton  Artesian.  It  is  800  feet  deep,  bat  its  water  differs 
considerably  from  that  of  the  Artesian.  An  analysis  made  by 
Woodward  of  the  water  from  the  well  shows : 

Grains  In  gallon. 

StllCd 0.2336 

Lime 6  5711 

Magnesia 3.5.H38 

Potassa 2.9847 

Soda 16.0629 

Suphur  trloxlde 4  4567 

Chloride 19.6316 

Carbon  dioxide 14.43S8 

Water  in  combination 2.9896 

70.9026 
Oxygen 4  4374 

Mineral  matter 66.4752 

Fixed  resldne 56.4752 
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United  as  follows : 

GralDs  In  gallon. 

SlUca  (SlOj) 0.2336 

Calcium  bicarbonate  (CaH2(C03)s) 9  9641 

Magnesium  bicarbonate  (MgH2(COs)2) 12  R964 

Sodium  bicarbonate  (NaHCOs) 2.4060 

Calcium  sulphate  (Ca804) 7.5761 

Potassium  chloride  (KCl) 4.?292 

Sodium  chloride  (KaUl) 28. 6482 

Mineral  matter 66.4752 

The  UlintOQ  Artesian  well  No.  3  is  about  one  mile  north  of 
the  other  two.  It  is  9 13  feet  deep.  It  has  a  flow  of  nearly  300 
gallons  a  j^innte.  The  water  has  a  strong  odor  of  hydrogen 
sulphide.  The  well  was  drilled  in  1891.  An  analysis  of  the 
water  from  this  well  by  Schweitzer  shows : 

Grains  in  gallon. 

Silica 0.8177 

Lime h  6447 

Magnesia 1  3142 

Potassa 1.3142 

soda 27.7681 

Chloride 32.7972 

Sulphur  trloxlde 4  4099 

Carbon  dloxolde.*. 18.1784 

Water  in  combination 3.71H3 


101.9416 
Oxygen 7.:i909 

Mineral  matter 94.5507 


Fixed  residue 81.7432 

United  as  follows : 

Grains  In  gallon. 

silica  (SlOj) 0  8177 

Calcium  bicarbonate  (C'aH2(COn)2) 16  0778 

Magnesium  bicarbonate  (MgIl2(C05)e) 15.66H8 

Calcium  sulphate  (CaSO^ ) 7  4»* 

Sodium  chloride  (XaCl) 52.4010 

rotasslum  chloride  (KCl) 2  o»52 

Mineral  matter 9i.&4>»3 

All  three  of  these  wells  are  located  on  the  floodplain  of 
Town  creek  in  the  western  part  of  the  city.  The  elevations  of 
the  tops  of  all  three  is  aboat  690  feet  above  tide  water.  About 
40  feet  of  coal  measures  were  penetrated  first,  then  about  156 
of  lower  Carboniferous  limestones.  The  rest  of  the  depth 
is  through  the  limestones  and  sandstones  of  the  Silurian. 
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Since  the  above  data  on  the  three  wells  mentioned  were 
first  gathered  there  has  been  drilled  three  additional  deep  wells 
at  Olinton.  Dr.  Britts  famishes  the  following  statements  re- 
garding them :  ^'The  first  is  at  the  pumping  station  of  the  Clin- 
ton waterworks.  The  well  is  500  feet  deep,  8  inches  in  diam- 
eter and  flows  aboat  200  gallons  a  minnte.  The  water  is  the 
same  as  in  well  No.  2,  being  located  only  70  yards  to  the  west, 
and  flows  into  one  of  the  basins  of  the  stations.  The  other 
two  wells  are  at  the  Olinton  ice  plant  aboat  1000  feet  north- 
east of  the  oonrt  house  on  one  of  the  highest  points  in  the 
city  limits.  These  are  not  flowing  wells.  They  are  ten  feet 
apart,  the  first  8  inches  in  diameter,  drilled  in  1894,  and  the 
second  10  inches  in  diameter  put  down  in  1896.  Both  are  650 
feet  deep.  The  water  rises  to  within  100  feet  of  the  top  and 
each  is  supplied  with  a  deep-well  pump,  with  cylinder  250  feet 
down.  The  two  have  a  capacity  of  210  gallons  a  minute,  which 
has  small  effect  upon  the  supply  in  the  wells,  which  probably 
exceeds  1000  gallons  a  minute.  No  analysis  of  these  waters 
has  been  made  but  the  water  is  similar  to  that  of  the  others, 
an  alkaline  water  with  hydrogen  sulphide  to  appreciable  ex- 
tent. The  strata  passed  through  as  far  as  could  be  learned 
was  as  follows: 

Section  of  Wells  at  Clinton  Ice  Plant, 

Thickness. 

10.    Soil  and  clay 12 

9.    Sandstone  and  sandy  shale 21 

8.    Coal 13 

7.    Shale 19 

6     Sandstone,  very  hard,  disintegrating  on  exposure  to  the  air. .  8 

5.    Shale  and  sandstone 87 

4.    Chert  (lower  Carhonlferous) 45 

8.    Shale,  red. 20 

2.    Limestone  (lower  Carboniferous  and  Silurian) 400 

1.    Sandstone,  saccharoldal,  with  rounded  grains  of  pure  silica.  40 

^'The  difference  in  the  elevation  of  the  top  of  these  wells 
and  those  in  Town  creek  valley  is  about  75  feet." 
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The  Ford  well  at  Montrose  appears  to  be  supplied  by  a 
spring.  It  is  25  feet  down  and  the  water  is  obtained  by  pnmping. 
The  results  of  a  chemiciil  analysis  by  Woodward  are  as  follows  : 

Grains  In  gallon. 

Silica   0.6H0 

Ferric  oxide 2  8490 

Lime 36.700S 

Magnesia 6.7961 

Potassa  1.1000 

Soda 8.5197 

Sulphur  trloxlde 64.6280 

Chloride     0.0752 

Carbon  dioxide 15  6754 

Water  In  combination 3.1H58 


188.4443 
Oxygen 0.0169 


Mineral  matter 188.4274 


Fixed  residue 127.4539 

United  as  follows : 

Grains  In  gallon. 

Silica   (8IO2) 0.5140 

Ferrous  bicarbonate  vFeir2(COs)  2) 5.2265 

Calcium  bicarbonate  (CaHsCCOs)  2) 28.9161 

Calcium  sulphate  (CaS04) 66  6243 

Magnesium  sulphate  (MgS04) 20.3892 

Potassium  sulphate  (K2SO 4) ^. ..  1.8516 

Sodium  sulphate  (Na2S04) 19.6128 

Potassium  chloride  (KCl) O.I68O 


Mineral  matter 138.1925 


Oxygen  forFeO 0.2349 

SOILS. 

The  soils  of  the  area  are  of  two  kinds :  Sedentary  and  trans- 
ported. The  area  lies  south  of  the  drift  region  and  by  far  the 
greater  part  of  it  is  covered  by  sedentary  soils.  The  charac- 
ter of  the  soil  depends  upon  the  character  of  the  rooks  which 
underlie  it,  or  at  least  these  give  it  its  distinguishing  and  most 
prominent  constituents.  Owing  to  the  inevitable  creep  of 
soils  they  become  pretty  well  mixed,  even  in  an  area  of  so- 
called  sedentary  soils.  It  may  be  further  borne  in  mind  that 
the  soil  now  on  the  surface  is  the  undissolved  residue  from  the 
decomposition,  not  only  of  a  thickness  of  rock  represented 
by  the  thickness  of  the  soil  but  of  a  greater  or  less  thickness 
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of  originally  overlyiDg  rocks.  In  most  cases  tbese  very  prob- 
ably have  been  considerable  and  doubtless  of  greatly  varying 
character  and  composition.  Even  without  a  mixing  of  the 
soils  by  creep,  there  will  generally  be  a  greater  variety  of  con- 
stituents than  could  have  been  derived  from  the  underlying 
rocks.  Yet,  notwithstanding  this  the  rocks  just  below  the 
superficial  deposits  over  the  area  of  the  Olinton  sheet  exert  con- 
siderable influence  on  the  soils.  The  greater  part  of  the  rocks 
of  the  area  are  shales  and  sandstones,  the  former  breaking 
down  to  a  stifif  clay.  This  kind  of  soil  in  an  area  with  so  low  re- 
lief, famishing  such  poor  surface  drainage,  makes  a  soil  rather 
difficult  to  cultivate,  but  where  well  drained  it  is  a  good  pro- 
ducer. 

In  the  northern  and  northeastern  parts  of  the  area,  where 
the  limestone  beds  crop  out,  the  soil  partakes  of  their  charac- 
ter and  is  thereby  enriched.  Over  all  the  southeastern  por- 
tion, excepting  in  the  vicinity  of  Deepwater,  the  area  is  over- 
lain by  sandstone.  The  soil  is  thin  but  easily  tilled  and  well 
drained. 

The  transported  soils  have  been  derived  from  rocks  of 
the  same  general  character  as  these  now  found  within  the 
area.  They  are  essentially,  therefore,  of  the  same  chemical 
composition,  hut  the  constituents  are  more  thoroughly  mixed. 
They  are  confined  to  the  alluvial  plains  of  the  streams  and 
altogether  cover  a  considerable  portion  of  the  area.  They 
are  black  and  generally  argillaceous,  and  when  they  have  been 
drained  and  tilled  have  proved  to  be  very  productive.  At  the 
present  time  only  a  very  small  portion  has  ever  been  brought 
under  tillage  on  account  of  lack  of  drainage  and  the  periodic 
overflows  from  the  streams.  Near  the  channels  of  the  streams 
there  is  a  strip  which  is  sufficiently  well  drained  to  produce  a 
vigorous  growth  of  timber.  This  part  is  the  product  of  a  more 
recent  floodplain-building  of  the  stream  and  is  composed  of 
gravel,  sand  and  clay,  while  the  greater  part  of  the  floodplain 
is  made  up  of  clay.  The  latter  part  bears  no  timber  except- 
ing a  few  scattering  laurel  oaks. 
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With  an  extensive  Bystem  of  nnder-drainage  and   dike- 
bailding  these  bottom  lands  may  become  very  important  fae- 
tors  in  the  wealth  of  the  area.    Withoat  it  they  will  probably 
remain  for  a  long  time  at  least,  nothing  better  than  grazing^ 
lands. 
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INTRODUCTION. 

LOCATION   AMD  ABBA. 

The  diBtriot  occupied  by  the  Oalhono  eheet  is  in  HeDiy 
and  BeotOQ  ooanties,  and  is  named  from  its  principal  town. 
The  area  is  qnadrilateral,  of  15'  extent  in  latitude  and  longitude. 
It  ie  bounded  by  the  meridians  90°  30'  and  90°  45'  of  longitude 
west  of  Oreenvich,  and  the  parallels,  38°  15'  and  3f»°  30'  of 
latitude.  It  comprises  an  area  of  about  230  aqnare  miles  all  of 
which,  excepting  about  15  square  miles  which  lie  in  Benton 
county,  are  oontained  In  the  eastern  half  of  Henry  county. 
The  northern  limit  of  the  area  is  about  4  miles  south  of  the 
northern  line  of  the  county ;  and  the  southern  limit  is  about 
the  same  distance  north  of  the  southern  boundary.  The 
western  limit  lies  about  2  miles  east  of  the  mid-line  of  the 
county.    Its  position  in  the  state  is  west-central.    (Figure  7.) 


Figure:.    Outline Uar  sliowingPoiltlonorcaltiouD  Bbeet. 
PBBTIOD8  WOBK  WITHIN   THE    ABBA. 

The  area  occupied  by  the  Calhoun  sheet  was  first  examined 
geologically  in  1872,  when  Broadhead  and  Norwood  made  a 
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reoonnoissanoe  of  Henry  ooanty,  the  former  *  passing  from 
Winsor  soathwestward  along  the  Miseoari,  Kansas  and  Texas 
railroad;  and  the  latter  ffrom  Fort  Lyon  soathwestward, 
down  Barker  creek  to  Leesville ;  and  from  there  northwest- 
ward, np  Tebo  creek,  to  the  vicinity  of  Oalhonn. 

Norwood  encoantered  no  rocks  higher  than  the  lower 
sandy  beds  of  the  lower  coal  measures  ( Des  Moines  series), 
except  at  the  Mann  coal  mine  where  the  near  shore  eqaivalent 
of  the  limestone  beds  of  the  middle  part  of  that  formation  was 
foand.  Most  of  the  exposures  examined  were  of  the  lower 
Oarboniferous  limestone  which  were  displayed  on  Tebo  creek 
in  the  neighborhood  of  Leesville.  A  visit  was  made  to  the 
old  Osage  shaft  located  two  and  one-half  miles  southwest  of 
Oalhoun.  A  record  of  the  shaft  was  obtained  and  the  workings 
of  the  mine  described. 

The  outcrops  observed  by  Broadhead  showed  also  the 
lower  sandstone  and  shales  of  the  lower  coal  measures.  A 
section  was  examined  in  the  neighborhood  of  Oalhoun,  one  on 
the  Park  place  one  and  one-half  miles  north  of  Oalhoun,  one 
at  the  Neff  coal  mine  two  and  one-half  miles  to  the  east,  and 
one  at  Dillons,  three  miles  northeast  of  the  same  place. 

PHYSIOGRAPHY. 
SURFACE  BELIEF. 

Main  Features.  The  area  lies  on  the  southern  slope  of  the 
Missouri-Osage  divide.  Its  highest  parts  nowhere  reach  the 
height  of  the  upland  forming  that  divide,  which  is  ten  miles 
beyond  the  northern  boundary  of  the  sheet.  As  a  whole  the 
topography  of  the  area  is  past  maturity. 

Probably  no  part  of  the  upland  is  a  remnant  of  the  original 
constructional  surface. ,  It  is  the  product  of  the  present  cycle ; 
and  where  it  is  of  low  relief,  or  gently  undulating  with  wide 
open  valleys,  is  nearly  down  to  grade.  Such  areas  are  under- 
lain by  exceedingly  soft  rocks. 

♦Geol.  Sur.  Missouri,  Report  on  Iron  Ores  and  Coal  Fields,  pt.  11,  pp.  21-26, 
1872. 

tibld..  pp.  12-16. 
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The  featarea  of  tbe  region  express  in  a  very  marked  degree 
the  geological  straotare  and  relative  reeistance  of  tbe  rooks. 
Tbe  latter  are  nearly  horizontal  yet  dip  gently  northwestward 


Figures.     H)'piOinotrlcDlas[ramo(tl 

without  pronounced  folding  or  faulting.  Higher  and  higher 
rocbe  outcrop  in  succession  in  tbe  direction  of  the  bedding 
slope.    The  strike  of  the  strata  ia  about  due  northeast  and 
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aoathweet.  The  drsioage  is  almost  directly  sKi^iDat  tlte  dip. 
The  lowest  rooks  are  exposed  Id  Ihe  soatheast,  and  the  highest 
in  the  noitbwest  eoroer  of  (he  area. 


When  compared  with  one  another  on  the  basis  of  relative 
reaistanoe  to  degradation  the  rocks  of  the  area  natnrall;  fall 
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into  three  groups,  a  lower  set  of  resistant  beds,  a  median  set 
of  soft  layers  and  an  upper  set  of  resistant  strata.  These 
three  sets  of  rocks  have  given  rise  to  as  many  well  marked 
zones  of  snrfaoe  relief,  the  belts  formed  by  the  oatcrops  of 
each  set  being  different  stages  of  advance  in  the  cycle.  The 
physiographic  belts  are,  however,  not  confined  alone  to  the 
area  nnder  consideration  bat  are  wide-spread  featares  charac- 
terizing the  topography  of  a  large  part  of  sonthwestern  Mis- 
souri and  are  coextensive  with  the  surface  exposure  of  the 
rocks  on  which  they  are  developed.  Owing  to  their  wide  ex- 
tent and  their  physiographic  importance  they  have  recently 
received  special  names,  the  titles  being  taken  from  the  places 
in  the  vicinity  of  which  the  featares  are  best  developed.  They 
are:  the  Warrensbnrg  upland,  the  Nevada  lowland  and  the 
Springfield  structural  plain.  The  areal  distribution  of  these 
zones  is  shown  on  the  accompanying  sketch  map  (figure  9). 

Warrensbnrg  Upland,  That  part  of  the  first  mentioned 
district  within  the  borders  of  the  Galhoun  sheet  lies  northwest 
of  the  line  of  the  Missouri,  Kansas  and  Texas  railroad.  It  con- 
stitutes the  area  of  high  and  somewhat  rugged  land  around  the 
headwaters  of  Tebo  creek  known  as  the  high  point  of  Tebo, 
and  is  merely  the  southern  serrated  edge  of  the  upland  of 
Johnson  and  Pettis  counties,  which  is  continuous  with  the 
Warrensbnrg  upland  in  Lafayette  and  Johnson  *  counties 
where  it  is  typically  developed.  It  forms  the  divide  between 
the  streams  flowing  northward  into  the  Misbouri  river  and 
those  flowing  southward  into  the  Osage. 

The  foundation  and  persistent  strength  of  the  upland  im- 
mediately north  of  the  Calhoun  area  are  the  limestone  beds  of 
the  Henrietta  formation.  Within  the  area  of  the  sheet  it  is  re- 
duced from  its  constructional  elevation  and  is  cut  rather 
sharply  by  the  streams  flowing  southeastward  into  Orand  river. 
Only  the  lower  beds  of  limestone  remain.  The  tops  of  the 
ridges  form  a  nearly  even  surface  rising  gradually  northward 
toward  the  summit  of  the  upland  and  lie  about  eighty  feet 
above  the  general  level  of  the  Nevada  lowland  below.    The 

«Mli80uriOeol.  Sur.,  Vol.  x,  pp.  6s-7i,  i«^. 
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highest  pait  of  the  apland  baok  from  the  stream  is  a  gently 
nndnlating  plain.  From  this,  ridges  rna  southward  and  south- 
eastward like  the  fingers  of  an  open  hand,  beooming  gradually 
lower  until  they  end  more  or  less  abruptly  in  a  faint  esoarp- 
ment  near  the  line  of  the  railroad.  Their  former  continuation 
is  shown  in  plaoes  by  outlying  remnants  which  are  now  re- 
duced to  small  mounds  capped  by  limestone.  A  rather  large 
outlier  exists  on  the  east  side  of  Tebo  creek  southeast  of 
Oalhoun. 

Nevada  Lowland.  As  a  central  plain  this  division  includes 
the  greater  part  of  the  area.  It  extends  in  a  broad  belt 
bounded  on  the  northwest  by  the  southeastern  border  of  the 
Warrensburg  upland  and  on  the  southeast  by  the  sharply  dis- 
sected area  of  the  Springfield  structural  plain.  Its  irregulari- 
ties of  elevation  are  not  great.  Its  features  are  determined  by 
the  series  of  very  soft  sandstones  and  shales  of  the  lower 
coal  measures.  Where  shales  prevail  the  relief  is  faint,  the 
valleys  are  shallow,  wide-open  troughs,  and  the  profiles  are 
rounded.  Where  sandstones  predominate  the  valleys  are 
sharp,  the  hills  angular  in  profile,  and  higher;  the  general  re- 
lief stronger.  The  sandstones  have  an  irregular  areal  distribu- 
tion. As  a  rule,  however,  they  occur  near  the  base  of  the 
coal  measures.  The  shales  lie  above  the  sandstones  but  below 
the  limestones  which  constitute  the  uplands  of  the  norhwestern 
part  of  the  sheet.  The  northern  and  western  sides  of  the  low- 
land are  gently  undulating;  while  the  southern  and  south- 
eastern parts  are  somewhat  rugged,  passing  gradually  into  the 
Springfield  structural  plain.  The  larger  streams  cut  shallow 
valleys,  though  they  are  nearly  everywhere  bordered  by  steep 
bluffs  formed  by  the  basal  sandstones  of  the  coal  measures, 
the  permanent  grade  over  the  greater  part  of  the  belt  being  in 
or  below  the  sandstones. 

The  Nevada  lowland  extends  southwardly  and  fiouthwest- 

wardly  far  beyond  the  limits  of  the  sheet.    It  is  interrupted 

by  the  strip  of  hill-land  bordering  Grand  river.    It  appears 

again  on  the  narrow  divide  south  of  the  river,  between  it  and 

o— 8 
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Ihe  Osage,  althoagh  interrapted  by  the  valley  of  the  latter 
stream,  and  extends  soathwestward  beyond  the  state  limits. 

It  is  a  lowland  of  denudation,  the  result  of  the  present 
cycle  of  erosion.  It  is  excavated  along  the  strike  of  the  soft 
shale  and  sandstone  beds  of  the  inferior  portion  of  the  coal 
measures. 

Springfield  Structural  Plain.  The  southeastern  hill-land, 
which  borders  Grand  river  and  Tebo  creek,  is  a  narrow  zone 
extending  across  the  southern  and  southeastern  parts  of  the 
district,  with  an  embayment  on  the  eastern  side  along  Tebo 
creek.  It  is  the  result  of  the  erosion  of  Grand  river  and  its 
tributary  streams  upon  the  resistant  limestones  of  the  lower 
Oarboniferous  formation.  It  is  a  part  of  the  western  edge  of 
an  extensive,  gently  northwestwardly  sloping  plain  formed  on 
the  upper  surface  of  the  lower  Oarboniferous  limestones.  It 
is  a  typical  structural  plain  determined  by  the  position  of  a 
bed  of  relatively  hard  rock  to  whose  surface  it  conforms  and 
on  which  general  degradation  halts  for  a  while  after  the  origin- 
ally overlying  softer  beds  ( shales  and  sandstones  of  the  coal 
measures  in  this  case)  have  been  removed.  The  general  form 
of  the  surface  depends  upon  the  attitude  of  the  rooks  deter- 
mining it. 

That  part  of  the  plain  lying  within  the  Calhoun  sheet  is 
deeply  dissected  by  Grand  river  and  its  tributaries.  It  oc- 
cupies a  zone  on  each  side  of  the  stream  extending  nearly 
4(cro8S  the  area  and  a  small  strip  on  Tebo  creek  extending  to 
a  point  about  one  mile  above  Leesville.  The  permanent  grade 
of  the  river  lies  below  the  top  of  the  limestones.  A  narrow 
channel  has  been  cut  into  them,  down  almost  to  permanent 
grade  and  its  tributary  streams  have  excavated  narrow  ravines 
into  the  adjacent  uplands.  The  intervening  ridges  do  not 
waste  away  so  rapidly  as  the  streams  erode  their  channels. 
The  result  is  a  belt  of  rugged  hilMand  along  the  streams,  sepa- 
rated by  broad  level  areas  bordered  by  steep  slopes. 

The  present  arrangement  of  the  main  drainage  is  against 
the  dip  of  the  rocks  and  must  therefore  be  of  latter  date  than 
the  original  uprising  at  the  close  of  Carboniferous  time.    It 
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vas  EnitEftted  on  ad  eves  snrfoce  of  beveled  beds  and  ite  pre- 
«eot  direction  Is  doe  to  aa  eastward  tilting  of  tbia  old  sarfaoe, 
which  occnred  probably  aboat  the  close  of  OretaoeoQS  time. 
Biver  Meandert.  A  charaoteristio  featnre  of  Graod  river 
is  its  strongly  and  symmetrically  meandering  coarse.  This  is 
shown  In  the  acoompanying  sketch  ( figure  10 )  and  the  topo- 
graphio  map. 

The  reasOD  of  this  highly  charaoteristio  action  of  this 
stream,  and  others  of  similar  habit  in  soathem  Mlssonri,  has 
been  the  subject  of  considerable 
discnssion  recently.  On  the  one 
band  the  meanders  are  explained 
on  the  snppositioD  that  they  are 
inherited  from  a  former  meao- 
dering  of  the  same  stream  on  a 
floodplain  when  the  eonntry 
stood  lower  than  at  present.  • 
As  the  eonntry  was  elevated 
the  river  continued  in  its  mean- 
dering course  while  ODttiog  its 
channel  down  to  a  lower  grade, 
at  the  same  time  expanding  the 
meanders.  On  the  other  hand 
,  an  attempt  is  made  to  show  that 
it  is  not  necessary  to  suppose  a 
former  base-leveling  of  the 
vonntry  snob  as  is  implied  in  the 
wide  doodplain  of  the  former 
period,  bnt  that  the  meandering 
conrae  is  the  resolt  of  the  action 
of  the  stream  in  catting  its  chan- 
nel downward  from  an  original 
riKnreio.  uettDdenorGmnd  Elver,  slightly  irregular  oourse. 

The  topography  of  this  part  of  the  Mississippi  basin  has 
the  anmistakable  stamp  of  youth  in  the  steep-sided  valleys  of 
the  Mississippi  and  Missouri  rivers  and  the  narrow  gorges  of 
many  of  their  tributaries.    Where  mature  featnres  are  aesamed 
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they  are  dae  to  the  very  slight  resistance  of  the  rocks  on  which 
they  are  developed.  By  oompariDg  these  featares  with  similar 
ones  found  elsewhere  the  age  of  which  has  been  clearly  de- 
monstrated it  seems  conclusive  that  the  present  cycle  cannot 
date  backward  farther  than  the  end  of  Cretaceous  time.  Prior 
to  this  period,  at  least  just  before  the  beginning  of  the  present 
cycle,  the  country  must  have  stood  near  sea  level,  since  there 
is  no  sign  whatever  of  a  former  cycle  which  was  interrupted 
before  its  work  was  completed.  This  condition  could  prevail 
as  the  result  either  of  subaerial  base-leveling  or  of  an  original 
elevation  which  barely  raised  the  area  above  the  sea. 

Another  feature  of  the  drainage  of  the  area  and  of  the 
country  immediately  westward  is  the  position  of  the  stream- 
channels  in  their  floodplains.  All  the  watercourses  which  flow 
either  eastward  or  southeastward  through  a  floodplain  closely 
hug  the  southern  bluff.  It  is  very  noticeable  in  the  branches 
of  Tebo  creek  which  occur  in  the  Oalhouu  district  and  of  Grand 
river  and  Big  creek  to  the  west.  It  is  a  feature  too  general  to 
be  considered  merely  accidental.  An  explanation  demon- 
strably correct  has  not  been  found ;  it  may  be  due  to  a  slight 
warping  causing  a  gentle  southward  tilt  of  the  surface  after 
the  streams  had  attained  their  present  size. 

DRAINAGE. 

The  largest  watercourse  within  the  Oalhoun  area  is  Grand 
river.  It  is  itself  but  a  small  stream.  It  is  not  navigable  and 
is  easily  fordable  at  ordinary  stages  of  the  water.  During  a 
protracted  drought  the  water  becomes  very  low.  Within  the 
area  under  consideration  its  valley  is  narrow  and  its  sides  are 
steep.  It  is,  however,  about  down  to  grade.  In  the  softer 
rocks  west  of  the  district  it  has  long  since  reached  its  grade 
and  has  developed  a  wide  floodplain.  It  drains  a  large  area  to 
the  west  including  nearly  all  of  Uass  and  Henry  counties  and 
the  northern  part  of  Bates  county.  It  flows  into  the  Osage  a 
few  miles  east  of  where  it  leaves  the  Oalhoun  sheet.  It  con- 
tinues its  meandering  course  to  its  mouth. 
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Tebo  creek  is  the  oext  largest  stream.  It  drains  nearly 
the  whole  of  the  northern  and  northeastern  parts  of  the  district. 
It  l^ranches  into  nnmeroas  tributaries  which  spread  widely. 
Excepting  in  the  region  of  the  more  resistant  limestones  and 
cherts  of  the  lower  Garboniferons  it  has  reached  its  grade  and 
all  of  its  larger  branches  have  opened  floodplains  of  consider- 
able width.  Even  in  the  harder  rocks  it  is  catting  its  channel 
very  little,  though  it  has  not  yet  had  time  to  open  a  wide  val- 
ley. Ii  flows  into  Grand  river  a  short  distance  beyond  the 
eastern  limit  of  the  area. 

Pretty  Bob,  Oedar  and  Sparrow  Foot  creeks  are  tributaries 
of  Orand  river  from  the  north.  They  are  all  small  branches, 
the  two  former  ranning  for  part  of  their  length  through  the 
ragged  hills  of  the  lower  Carboniferous  rocks.  The  latter 
flows  throagh  the  soft  shales  of  the  coal  measures.  Its  valley 
iH  wide  and  open. 

STRATIGRAPHY, 
GBNBBiL  OBOLOGY  OF  THB  BBGION. 

The  indurated  rocks  of  southwestern  Missouri  are  chiefly 
of  upper  Paleozoic  age.  Besides  the  Silurian,  which  extends 
into  the  district  from  the  east,  they  consist  of  ( 1 )  the  Missis- 
sippian  (lower  Carboniferous )  limestones,  and  the  Des  Moines 
shales  (lower  or  productive  coal  measures.)  All  lie  nearly 
horizontal,  yet  dip  gently  to  the  northwest.  Each  formation 
therefore  outcrops  in  a  belt  of  greater  or  less  width  running 
in  a  northeast  and  southwest  direction. 

The  Mississippian  series  forms  the  limestone  floor  upon 
which  the  productive  coal  measures  are  laid  down.  In  west- 
oentral  Missouri,  of  which  the  Oalhoun  area  forms  a  part,  only 
the  lower  half  of  the  series  appears  to  be  represented.  The 
Kinderhook  beds  and  the  Augusta  limestone  are  well  de- 
veloped. Owing  to  erosion  previoas  to  the  deposition  of  the 
€oal  measures  the  upper  part  of  the  lower  Garboniferons, 
which  includes  the  St.  Louis  and  Kaskaskia  formations  in  the 
eastern  portion  of  the  state  does  not  occur.  However,  char- 
■acteristic  fossils  of  the  former  have  been  found  in  the  loose 
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refiiduary  chert  fragments  overlying  the  other  limeBtoues^ 
showing  clearly  that  a  part  at  least  of  the  superior  members 
were  at  one  time  present. 

The  inferior  portion  of  the  lower  Oarboniferoas  preserves 
all  characteiistics  which  are  so  well  displayed  both  to  the  north- 
east and  to  the  southwest  of  the  district.  The  Kinderhook  in 
this  part  of  the  state  is  represented  chiefly  by  the  upper  cal- 
careous division,  the  Ghouteau  limestone.  The  median  shales 
are  entirely  absent.  The  Aagusta  limestone  consists  of  twa 
well  marked  divisions,  the  thinly  bedded  cherty  strata  and  the 
massive  encrinital  beds,  which  correspond  chiefly  to  the  lower 
and  upper  Burlington  sections  at  the  typical  locality  in  Iowa 
and  in  the  northeastern  part  of  Missouri. 

The  coal  measures  ( Des  Moines  series )  consist  of  three 
subdivisions  conformable  with  one  another,  yet  easily  separable 
lithologically.  They  represent  the  prevalency  of  three  sets  of 
conditions  of  sedimentation.  There  is  no  very  sharp  line  of 
separation  between  the  members  but  the  lithological  and  pro- 
bably also  the  faunal  features  of  each  produced  at  the  culmina* 
tion  of  its  particular  controling  conditions  are  distinct  from 
those  of  the  others.  The  most  important  difference  between 
these  beds,  however,  is  the  effect  that  they  have  had  on  the 
physical  features  of  the  area  which  they  underlie.  In  fact,  the 
clear  recognition  of  their  existence  as  so  many  geologic  in* 
dividuals  came  partly  from  a  study  of  the  physiography  of  this 
portion  of  the  state.  Their  existence  over  a  great  portion  of 
the  territory  has  been  determined  and  their  continuity  over 
the  whole  area  in  this  way  proved.  Their  outcrops  form  three 
easily  recognized  physiographic  belts  continuous  over  most  of 
the  region.  The  relation  of  the  rocks  to  the  topography  has 
been  made  out  in  only  one  part  of  the  region,  but  the  connec* 
tion  is  so  close  and  the  relation  of  cause  and  effect  so  evident 
here  that  there  is  no  hesitancy  in  predicting  the  main  features 
of  the  geology  from  the  relief  features  determined  from  the 
topographic  maps  and  from  observations  made  while  rapidly 
traversing  the  country. 
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The  basal  member  of  the  ooal  measares  consists  of  sand- 
stones and  shales.  The  former  lie  at  the  bottom,  are  variable 
in  thickness,  and  grade  upward  into  the  shales.  The  sand- 
stone beds  are  not  persistent  in  thickness  over  all  the  territory 
bnt  merge  laterally  as  well  as  vertically  into  shales.  Physio- 
graphically  the  belt  occopied  by  these  deposits  is  a  lowland  of 
denudation  produced  during  the  present  cycle  of  topographic 
development.  The  series  is  best  displayed  both  vertically  and 
in  geographic  distribution  in  the  extreme  southwestern  part 
of  its  extent  in  the  state.  These  rocks  are  the  Missouri  repre- 
sentatives  of  a  similar  sucession  of  rocks  in  Kansas  which 
have  been  called  the  Cherokee  shales  by  Haworlh.  The  same 
term  is  adopted  in  this  report.  Where  the  formation  is  best  de- 
veloped in  Bates,  Vernon  and  Barton  counties  it  is  about  275 
feet  thick  ;  northward  it  becomes  thinner. 

The  beds  are  the  same  in  character  as  those  which  skirt 
the  eastern  edge  of  the  coal  measures  elsewhere  in  the  state. 
They  are  not  so  thick  north  of  the  Missouri  river  as  they  are 
south  of  it,  and  are  not  sharply  separated  from  the  overlying 
beds  either  by  lithological  character  or  physiographic  efifect. 
The  characteristic  development  of  the  formation  and  the  place 
where  the  importance  of  recognizing  it  as  a  distinct  geologic 
unit  is  best  shown,  is  in  the  wedge-shaped  area  extending  from 
Windsor,  in  Henry  county,  as  the  apex  of  the  triangle,  south- 
westward,  the  boundaries  on  the  one  side  being  the  line  of  the 
Missouri,  Kansas  and  Texas  railroad  and  the  Osage  river  to 
the  state  line,  and  on  the  other  side  by  the  southeastern  mar- 
gin  of  the  coal  measures.  The  area  opens  into  southeastern 
Kansas. 

The  second  member  of  the  coal  measures  is  made  up  of  a 
succession  of  limestones  and  shales  and  varies  from  80  to  125 
feet  in  thickness.  Owing  to  its  great  development  near  Hen- 
rietta, in  Johnson  county,  it  is  proposed  to  call  it  the  Henrietta 
formation.  Limestone  is  a  prominent  component  and  in  places 
forms  a  very  considerable  part  of  the  vertical  section.  The 
change  from  the  Cherokee  shales  to  the  limestones  is  gradual. 
Thin  limestone  beds  appear  in  the  upper  pan  of  the  former  but 
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they  are  generally  impure  and  are  always  of  limited  geographic 
extent.  The  formation  is  shown  in  a  belt  of  upland  ranning 
along  the  strike,  dropping  off  abruptly  on  its  soatheastern  side 
as  a  more  or  less  clearly  defined  escarpment  to  the  lowland 
excavated  on  the  soft  beds  of  the  Cherokee  formation,  and  on 
the  northwestern  side  merging  into  the  upland  plain  whose 
features  are  determined  by  the  next  overljing  beds. 

The  Henrietta  formation  enters  the  state  just  north  of  the 
Marais  des  Gygne  river,  in  Bates  county,  and  from  there  its 
outcrop  runs  northeastwardly  through  Henry,  Johnson  and 
Lafayette  counties.  It  may  be  traced  for  a  long  distance  north 
of  the  Missouri  river.  From  the  slate  line,  through  Bates  and 
Henry  counties,  the  escarpment  formed  by  its  outcrop  is  an 
important  physiographic  feature,  but  in  Lafayette  county  and 
northward  the  resistant  limestones  lie  too  near  the  grade  of 
the  larger  streams  to  have  any  important  topographic  effect. 
They  rise  to  the  eastward  to  be  sure,  but  at  the  same  time  they 
become  thinner  and  extend  further  from  the  larger  streams,  so 
that  they  do  not  become  of  importance  in  the  relief  of  the 
country.  The  thickness  of  (he  formation  in  Henry  and  John- 
son counties  is  about  100  feet. 

The  third  set  of  strata  belonging  to  the  coal  measures 
comprises  100  to  150  feet  of  beds  which  are  almost  exclusively 
argillaceous  and  sandy  shales.  There  are  some  thin  sandstone 
beds  among  them,  a  thin  bed  or  two  of  coal,  and  near  the  bot- 
tom and  top  of  the  member  several  thin  layers  of  limestone. 
The  top  of  the  formation  is  the  summit  of  the  productive  coal 
measures  ( Des  Moines  series),  which  has  recently  been  placed 
at  the  base  of  the  Bethany  limestone.  The  formation  is  the 
extension  in  Missouri  of  the  Pleasanton  shales  of  Kansas. 

It  is  one  of  the  best  defined  and  most  widely  developed 
members  of  the  coal  measures;  it  is  found  both  north  and 
south  of  the  Missouri  river.  Its  superficial  extent  is  bounded 
on  the  west  and  northwest  by  the  escarpment  of  the  overlying 
Bethany  limestone  and  on  the  east  by  the  escarpment  formed 
by  the  Henrietta  limestone  just  described. 
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Ptaysiographically  the  belt  oooapied  by  this  formation  is  a 
lowland  almost  down  to  the  grade  of  the  streams  draining  it. 
It  is  one  of  the  most  extensive  and  prononnoed  physiographic 
zones  within  the  limits  of  ihe  state. 

GBNBBAL  BBLATIONS  OF  FOBVATIONS. 

In  the  area  covered  by  the  Oalhonn  sheet  are  rocks  of  the 
Silnrian  and  Oarboniferons  ages.  The  former  barely  appear 
within  the  bonndaries  of  the  district  so  that  their  geographic 
extent  is  very  small.  They  are  exposed  only  in  and  near  the 
bed  of  Orand  river  in  the  extreme  southeastern  corner  of  the 
district. 

The  Oarboniferons  beds  cover  almost  the  entire  area,  and 
inolade  representatives  of  two  oat  of  the  total  four  series,  which 
constitute  the  system.  The  Carboniferous  rests  unconformably 
upon  the  Silurian,  but  both  sets  of  strata  are  so  nearly  hori- 
zontal that  the  physical  break  in  sedimentation  is  not  notice- 
able in  a  marked  degree.  The  discordance  between  the  beds 
of  the  lower  and  upper  Oarboniferons  is  much  more  pro- 
nounced. The  recent  deposits  of  the  area  include  the  allavium 
of  the  river  and  creek  valleys. 

The  formations  represented  in  the  Oalhonn  district  are 
shown  in  the  following  table : 


Table  of  Formations  of  the  Calhoun  Area, 
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FORMATIONS. 

Recent. 

Alluvium. 

Des  Moines 
(Coal  measures.) 

Henrietta  limestones. 

Oarbonlf  erou  i. 

Cherokee  shales 

Mlsslsslpplan 
(Lower  Carboniferous.) 

Augusta  limestones. 

Klnderhook  limestones. 

Silurian. 

Calclferous. 

Magneslan  limestones. 
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Oeneral  Section,  It  is  impossible  to  oonstract  a  general 
section  of  the  rooks  of  the  area  that  will  give  for  all  localities 
the  details  of  the  stratigraphy.  Along  the  same  stratigraphio 
horizon  several  kinds  of  rock  may  appear.  They  were  de- 
posited at  the  same  time.bnt  nnder  varying  conditions.  This 
is  particularly  trae  of  the  lower  beds  of  the  coal  measures. 
Above  the  irregular  deposits  of  the  lower  sandstones  there  is 
greater  persistence  of  the  individual  beds.  The  conditions  of 
deposition  were  more  uniform,  the  old  inequalities  of  surface 
were  filled  up,  and  the  sea  floor  was  practically  even.  As  the 
region  progressively  sank  the  area  became  one  of  open-sea 
conditions  and  the  deposits  were  correspondingly  affected. 
The  Tebo  coal  bed  with  its  associated  overlying  limerook  may 
be  considered  as  the  first  deposits  of  the  general  section  which 
were  laid  down  when  uniform  conditions  prevailed  over  a  con- 
siderable area.  These  must  not,  however,  be  considered  of 
indefinite  extent,  but  they  continue  over  a  large  part  of  the 
area  and  may  be  traced  far  beyond  its  limits  into  adjoining 
districts.  With  these  facts  in  mind  the  accompanying  general 
section  is  compiled  ( figure  11 ). 
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The  section  inoladea  oaly  those  beds  vhioh  crop  out  with- 
in the  area  of  the  Oalhoan  sheet.  There  have  been  no  deep 
wells  drilled  into  the  lower  beds.  The  latter  beds  are  exposed 
—  at  the  Boiface  east  of 

the  district,  however. 
The  upper  30  to  40  feet 
are  limestones  nnder- 
lying  which  is  a  saud- 
stone  less  than  100 
feet  thick,  beneath 
which  there  are  lime- 
stones again.  The 
sandstone  at  the  top 
of  the  section  is  as< 
sdDied  to  be  the  eoath- 
era  extension  of  the 
Warrensbnrg  s  a  n  d- 
stone.  Ii  lies  in  an 
eroded  channel  in  the 
coal  meaaares,  and  is 
presamablyof  Car- 
boniferoas  age.  The 
actnal  connection  with 
the  "Warrenehnrg  bed 
has  not  been  traced. 

The  rooks  from  the 

Tebo  coal  npward,  are 

well    exposed     along 

Tebo  oreek  northwest 

from  Lewis  station  to 

the  head  of  the  creek. 

The  Warrensbarg 

PiKareii.   Geoeral  Geological  Section.  sandstone    OOCnxS    on 

this  stream  in  the  extreme  soaiheastern  part  of  the  district. 

The  rocks  between  the  Tebo  coal  bed  and  the  lower  Carboni- 

ferons  rooks  are  welt  shown  along  Tebo  creek  southeast  of 

Lewis  station  and  soath  and  east  of  Oalhoan. 


124  OALHOUN  SHEE^ 

The  lower  Garboniferoas  rooks  crop  oat  on  Grand  river, 
the  particnlar  oocnrence  given  Id  the  general  section  being  ex- 
posed in  a  ravine  on  the  north  side  of  that  stream  (Tp.  40  N., 
R.  XXIII  W.,  Sec.  7,  Ne.  qr.) 

In  a  gradually  sinking  basin  of  deposition  it  would  be  natur- 
ally expected  that  the  higher  beds  would  overlap  and  extend 
farther  shore- ward  than  lower  ones  and  that  a  higher  bed  would 
retain  its  oif*6hore  characteristics  farther  westward  or  south- 
westward,  in  case  the  landjrom  which  the  sediment  was  derived 
lay  in  that  direction.  This  is  just  what  is  found  to  be  the  case 
here.  The  Tebo  coal  bed  and  its  overlying  limestone  cannot 
be  traced  much  farther  south  or  east  than  the  line  of  the  Mis- 
souri, Kansas  and  Texas  railroad,  but  what  is  iuterpreted  to  be 
the  same  as  the  Spangler  coal  bed  with  its  overlying  limestone 
is  found  in  the  high  lands  two  miles  southeast  of  Oalhoun 
where  the  underlying  rooks  to  the  base  of  the  coal  measures 
are,  so  far  as  known,  exclusively  sandstones  and  shales.  (See 
section  1  on  plate  yii.) 

TYPIOAL  EXPOSURES. 

STANDARD  SECTIONS. 

A  few  of  the  most  oharacteiistic  sections  serve  as  stand- 
ards for  comparisons  of  the  details  of  stratigraphy. 

The  succession  of  the  lower  Oarboniferoua  beds  as  they 
are  exposed  in  the  southeastern  corner  of  the  area  on  Grand 
river,  are  best  shown  six  miles  directly  south  of  Leesville  ( Tp. 
40  N.,  R.  XXIII  W.,  Sec.  7.) 

/.     Section  on  Or  and  River  ^  South  of  Leesville. 

FBET. 

7.    Sandstone,  (coal  measures)  20 

6.    Slope,  cbert-covered,  (Mlsslsslpplan) 80 

6.  Limestone,  gray,  coarse,  encrlnltal;  contains  cbert  dlstrlbated 
In  nodular  masses,  and  in  discontinuous  layers  between  the 

beds 80 

4.  Limestone,  ratber  fine- grained,  drab,  somewbat  earthy;  con- 
tains  small  crlnold  stems,  and  much  chert,  the  latter  abund- 
antly distributing  In  thin  layers  alternating  with  thin  beds 
of  limestone,  and  also  in  nodular  masses  throughout  the 
limestone  80 
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8.    Limestone,  similar  to  atx)ve,  but  somewhat  sbaly;  contains 
small  crlnold  stems,  but  no  chert,  and  graduates  into  both 
the  overlying  and  underlying  t)eds 10 

2.  Limestone,    flne-gralned,    compact,   blulsb-gray,   containing 

pyrlte,  but  no  chert ;  beds  are  2  to  6  Inches  thick,  and  often 
separated  by  an  inch  or  two  of  greenish  shale 6 

1.  Limestone,  (Silurian.)  magnesian,  heavily  bedded,  (exposed)..     7 

The  details  of  the  coal  measares  of  the  southwestern  part 
of  the  area  have  been  disolosed  chiefly  in  coal  shafts.  One 
phase  of  these  strata  is  shown  at  the  Central  mine  located  one- 
half  mile  east  of  Deepwater  (Tp.  40  N.,  B.  XXYI  W.,  Sec.  12 ) 

II.    Section  at  Oentril  Shaft,  near  Deepwater. 

FEET. 

6.  Soil  and  clay IB 

6.  Sandstone,  soft  and  shaly 6 

i.  Shale,  blue  to  black 9 

3.  Shale,  calcareo-slUcious,  graduating  on  the  one  hand  into  argil- 

laceous sandstone  and  on  the  other  into  clay  shale 20 

2.  Shale,  bituminous l 

1.  Coal 3 

The  Jordan  shafcs  and  drill-holes  were  snak  several  years 
ago  aboat  one  mile  northeast  of  North  station,  and  three  miles 
north  of  the  Central  shaft  (Tp.  41  N  ,  B.  XXVI  W.,  Sec.  26.) 
The  record  of  the  deepest  one  is  as  follows : 

///.     Section  at  Jordan  Shafts  near  North  Station. 

FEBT. 

8.  Soil  and  clay .* 8 

7.  Sandstone,  shaly,  white  and  gray 6 

6.  Shale,  gray,  calcareo-arenaceous 28 

6.  Coal 3 

4.  Clay,  light  colored 3 

8.  Shale,  or  soft  sandstone,  brownish  ochreous 22 

2.  Shale,  blue 13 

1.    Shale,  red,  white,  with  lower  Carboniferous  chert  fragments. . .    21 

Another  phase  of  the  rocks  of  the  lower  part  of  the  coal 
measures  is  shown  in  the  mine  on  the  Lake  property  abont 
three  miles  southeast  of  Olinton  (Tp.  4L  N.,  R.  XXY  W.,  Sec. 
18,  Be.  qr.) 
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IV.  Section  at  Lake  Shaft,  souiheaBt  of  Clinton, 

FEET. 
15.    Soil 6 

11.  Sandstone Vi 

18.  Clay 4 

12.  Sandstone ^ 

11.  Shale,  argillaceous 80 

10.  Clay 4 

9.  Llmerock.  bituminous 2 

8.  Coal 16 

7.  Shale,  black 2 

6.  Coal.... >^ 

6.  Shale,  argillaceous 10 

4.  Limerock,  pyrltlferous 2 

8.  Coal 8 

2.  Clay H 

1.  Sandstone,  hard 8 

The  ooal-bearing  rooks  of  the  eastern  and  northeastern 
parts  of  the  area  are  well  exposed  on  Tebo  creek,  about  two 
and  one-half  miles  southeast  of  Calhoun. 

V.  Outcrop  on  Tebo  Greek,  Southeast  of  Calhoun, 

FEET. 

6.  Concealed,  with  scattered  pieces  of  chert,  containing  Froductut 

mttricatua,  Spiriftr  planoconvexutt  and  Chotutes  megoloba 17 

6.  Limestone,  hard,  blue  and  drab,  slllclous 2 

4.  Shale,  drab  at  top,  becoming  black  lower  down 20 

8.  Coal 8 

2.  Sandstone  and  shale 20 

1 .  Sandstone 70 

The  base  of  this  seolion  is  about  20  feet  above  the  base 
of  the  ooal  measures.  The  rooks  making  up  this  interval  of 
20  feet  are  well  exposed  .farther  down  the  creek  and  are  all 
sandstones.  The  lower  60  feet  of  the  strata  of  the  section  is 
the  equivalent  of  the  section  at  the  L^fce  shaft.  The  beds  of 
of  the  upper  part  are  the'  equivalent  of  those  found  to  the  west, 
in  the  Bowen  shaft,  the  record  of  which  as  determined  by  Dr. 
J.  H.  Britts  (Tp.  42  N.,  B.  XXV  W.,  Sec.  17,  Se.  qr.)  is : 

VL    Section  at  Bowen  Shaftj  Southwest  of  Lewis  Station. 

FEET. 

24.  Limestone 2 

23.  Shale,  light  drab Vi 

22.  Limestone,  concretionary 14 

21 .  Shale ,  black ,  massive 2W 

20.  Shale,  light  colored 8 
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19.    Shale,  white,  argillaceous 8 

18.    Shale,  black,  hi tumlnoas a 

17.  Goal V2 

16.    Clay 9 

15.    Shale,  jointed,  bltuminoas   2 

14.    Shale,  sandy 12 

18.  I J  mes  tone,  hard,  blue 2^ 

12.    Rhale,  calcareous,  with  fossils 8 

11.  Shale,  bituminous,  massive 2 

10.  Coal,  with  concretions 2Vt 

9.    Shale,  light  colored 9 

8.    Shale,  black Vt 

7.  coal,  with  pyrltlferous  concretions   8 

6.    Shale,  sandy,  light  colored   12 

6.  Shale,  dark  colored,  bituminous 7 

4.  Coal Vi 

8.  Shale,  bltumlnuous 7 

2.  Goal  (mammoth  bed) 614 

1.  Shale,  pyrltlferous 18 

Namber  22  of  this  seotion  is  oonsidered  the  eqaivalent  of 
No.  5  of  section  v,  and  No.  17  the  equivalent  of  No.  3  of  the 
«ame  section.  The  sandstones  below  No.  3  in  section  y  are 
the  equivalent  of  the  rooks  of  section  yi  lying  below  No.  17. 

Three  miles  west  of  Oalhoan  ( Tp.  43  N.,  B.  XXY  W.,  Sec. 
28 )  a  well  gave  the  following  record : 

VIL  Record  of  Wellj  west  of  Calhoun, 

FEET. 

18.    Sollandclay  7 

12.  Olay,  red,  sandy 5 

11.  Flint  ?  In  bowlders l 

10.    Clay,  sandy 4 

9.  Limestone 1 

8.    Shale,  red 4 

7.  Clay,  and  concretionary  limestone 1 

6.  Shale,  hard 8 

6.  Limestone,  hard,  blue 2 

4.  Shale, black 2^ 

8.  Coal 1 

2.  Shale,  hard,  gritty 7 

1 .    Limestone l 

Abont  800  feet  northeast  of  the  well  is  an  outcrop  on 
Tebo  creek.  The  top  of  the  section  is  not  more  than  15  feet 
below  the  horizon  of  the  bottom  of  the  well.  The  rook  re- 
ported in  the  bottom  of  the  well  is  possibly  the  upper  part 
of  the  sandstone  at  the  top  of  the  creek  section  (Tp.  43  N.,  B. 
XXV  W.,  Sec.  28,  Be.  qr.) 
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VIIL    Exposure  on  Teho  Creek. 

FBET. 

5  Sandstone,  on  tbe Slope  (exposed) a 

4.  Limestone,  carrying  chert  In  nodules 5 

8,  Shale 25 

2.  Coal 1 

1.  Shale,  (exposed) 20 

Namber  4  of  this  seotioa  is  the  same  as  No.  24  of  section 
Yf,  and  No.  5  of  section  v. 

SECTIONS  IN  THE  SOUTHERN  TIER  OF  TOWNSHIPS. 

There  are  indaded  in  this  series  portions  of  the  northern 
parts  of  foar  townships,  included  in  township  40  north,  ranges 
XXIII  to  XXYI  west  With  the  exception  of  scattered  blocks 
of  sandstone  or  possibly  a  few  feet  of  sandrock  in  place,  on 
the  top  of  the  hill  in  the  western  part  of  section  6,  no  coal 
measures  occur  in  that  part  of  Tp.  40  N.,  B.  XXIII  W.  which 
lies  within  the  area  of  the  Oalhoun  sheet.  The  lower  Oarbon- 
iferouB  rocks  are  exposed  to  a  thickness  of  160  feet.  South 
of  Grand  river,  between  that  stream  and  the  Osage,  no  coal 
measures  appear.  The  upland  between  these  two  streams  is 
so  narrow  that  the  soft  shales  and  sandstones  have  been 
stripped  off.  There  are  isolated  spots  of  sandy  soil  in  places 
where  t£e  surface  of  the  upland  is  flat  over  a  considerable 
area,  showing  that  the  coal  measures  were  there  until  recently. 
About  two  miles  west  of  the  eastern  side  of  Tp.  40  N.,  B. 
XXVI  W.  the  sandstones  appear  and  are  continuous  westward 
along  the  upland.  They  are  correlated  with  those  north  of  Grand 
river,  both  on  lithologic  and  stratigraphic  grounds,  and  the 
latter  are  classed  as  coal  measures  for  the  reason  that  they 
are  unconformable  upon  the  lower  Oarboniferous  rocks,  and 
carry  coal  beds  to  within  a  few  feet  of  their  base.  They  are 
not  separated  from  the  undoubted  coal  measures  above  them 
by  any  other  characters  than  would  result  from  a  simple 
change  of  conditions  in  sedimentation  and  they  are  conform- 
able with  them. 

In  that  part  of  this  township  which  lies  within  the  area, 
the  strata  of  the  coal  measures  do  not  occur  abundantly,  ex- 
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oepliDg  in  the  northwestern  corner.  In  the  northern  and 
northeastern  parts  sandstones  extend  southward  in  thin  narrow- 
ing tODgaes  on  the  upland  between  the  secondary,  drainage 
lines  of  Grand  river.  In  section  4,  Se.  qr.,  coal  is  reported 
to  have  been  mined  several  years  ago.  The  seam  occurs  a 
few  feet  above  lower  Oarboniferous  limestones.  In  the  north- 
east quarter  of  section  8  sandstones  of  the  coal  measures  ex- 
tend to  the  top  of  the  cliff  overlooking  Grand  river;  and  again 
in  the  southwest  quarter  of  the  same  section.  The  base  of  the 
sandrock  lies  about  lUO  feet  above  the  water  in  the  liver. 
The  texture  is  rather  coarse,  but  is  rarely  pebbly.  Conglom- 
erates made  up  of  waterworn  chert  pebbles  are  occasionally 
found. 

Westward,  the  sandstone  approaches  nearer  and  nearer  to 
the  level  of  the  water  in  Grand  river.  In  Tp.  40  N.,  B.  XXV 
W.,  Sec.  13,  the  top  of  the  lower  Oarboniferous  limestone  is 
less  than  40  feet  above  the  water  level.  Beyond,  there  is  a 
slight  rise  at  first  of  the  top  of  the  lower  rooks,  and  in  section 
15  it  is  again  nearly  100  feet  above  the  river ;  but  in  section  21, 
the  coal  measures  come  down  to  the  water  level.  In  the 
southern  part  of  section  9  the  lower  Oarboniferous  limestone 
rises  about  20  feet  above  the  water,  but  soon  disappears.  At 
the  bridge  crossing  Grand  river,  in  section  17,  Nw.  qr.,  the 
top  of  the  lower  Oarboniferous  rocks  lies  in  the  bed  of  the 
stream.  Still  farther  northward,  in  sections  5  and  8,  they  rise 
a  few  feet  above  the  water,  but  soon  disappear.  In  section  2, 
Se.  qr.,  at  the  Peeler  spring,  the  following  sequence  is  shown  : 


IX,     Outcrop  at  the  Peeler  Spring. 

FKKT. 

4.    Sandstone,  ratber  coarse-grained,  brownish  red,  raboat  750  feet 

•     A.  T.)  40 

3.    Concealed ,  with  sandstone  seen  in  places 15 

2.    Sandstone >i 

1.    Limestone,  gray,  sub -crystalline,  ^Ith  abundant  crlnold  re- 
mains (exposed) l 


a  -9 
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One  mile  northeast  of  this  locality  is  an  old  coal  stripping. 
The  excavation  is  now  nearly  filled  with  debris,  bat  the  coal  is 
said  to  be  14  to  16  inches  thick.  It  is  overlain  by  several  feet 
of  light  colored,  rather  sandy  shale.  Thin  sandstone  slabs  lie 
scattered  over  the  sarface  on  top  of  the  hills  near  the  place, 
and  half  a  mile  farther  north  sandstone  is  abundantly  exposed 
in  the  ravines.  Aboat  500  feet  northeai^t  of  the  center  of  sec- 
tion 1,  of  this  township,  a  bed  ot  coal  22  inches  in  thickness 
was  reported  to  }iave  been  enooantered  in  an  excavation  not 
more  than  six  feet  deep. 

Ooarse  red  sandstones  underlie  the  country  near  Oaines 
postofflce  and  northward,  and  extend  southward  also  to  the 
top  of  the  bluffs  overlooking  Grand  river.  The  coarse  char- 
acter of  the  deposits  is  not  persistent,  for  there  is  a  passage 
laterally  and  vertically  into  beds  of  finer  material.  This  feature 
aids  in  producing  a  characteristic  topography.  The  uplands 
between  the  drainage  areas  are  not  of  even  crest  line,  nor  does 
the  land  slope  toward  the  streams  with  the  regularity  and  ac- 
cordance of  elevation  of  ridge  tops  that  is  seen  in  a  country  of 
uniformly  resistent  horizontal  rocks;  but  the  softer  parts  wear 
out  rapidly  leaving  the  more  resistent  sandstones  as  isolated 
mounds.  The  result  is  a  strongly  hummocky  relief.  At  the 
Duckworth  coal  mine  ( Tp.  40  N.,  R.  XXV  W.,  Sec.  9,  Ne.  qr.) 
the  strata  shown  are: 

X     Section  at  the  Duckworth  Mine, 

PERT. 

4.    Soli  and  Clay  (about  715  feet  A.  T.) 6 

a.    Coal «4 

2.    Shale,  black,  In  one  place  with  a  thin  lens  of  coil 2 

1.    Coal JS 

One-half  mile  to  the  east  is  a  stripping  which  is  now 
abandoned.  Between  this  and  the  localities  in  section  1,  no 
coal  has  been  reported.  The  rocks  are  well  exposed,  yet  a 
coal  bed  associated  with  shales  could  easily  be  hidden  from 
view.  It  is  probable,  however,  that  if  coal  were  present  it 
would  have  been  discovered  in  the  ravines  running  southward, 
or  in  the  wells  of  the  neighborhood. 
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In  the  western  part  of  section  9,  and  the  eastern  part  of 
seotion  8,  the  surface  slopes  jSfraduUly  down  to  the  river  and 
very  little  sandstone  is  seen.  On  the  Qovff  property,  in  the 
northwest  qaarter  of  section  5  of  this  township,  shales  are  ex- 
posed to  a  considerable  thickness  in  a  steep  hillside  on  the 
east  side  of  Grand  river,  where  they  have  been  preserved  by 
a  capping  of  sandstone.    The  section  is  as  follows : 

XL     Outcrop  on  the  Oorff  Place. 

FBBT. 

4.    Concealed,  with  large  sandstone  blocks  at  top  and  shales  ex- 
posed lower  down  (about  775  A.  T.)  50 

8.    Shale,  arenaceous,  drab 15 

2.  Coal  ...  ., 2Vi 

1.  Shales,  argillaceous 60 

South  and  southeast  of  Brownington,  si^ndstone  is  the 
principal  indurated  roclc  exposed,  bnt  north  and  west  of  the 
town,  the  rooks  are  soft  shales  which,  in  breaking  down,  pro- 
duce an  undulating  topography.  Northwest  of  the  center  of 
section  19  a  shaft  thirty  feet  deep,  in  soft  shales,  passed 
through  thirty  inches  of  coal  at  the  bottom.  In  the  bank  of 
Cooper  creek,  800  feet  west  of  this  place,  a  few  inches  of  coal 
are  exposed  about  20  feet  above  the  water.  In  the  north- 
east quarter  of  sectionl8,  at  the  Danlap  coal  pit,  the  following 
sequence  of  rooks  occurs : 

XIL    Section  at  the  Danlap  Stripping. 

FEET. 

7.  Soil  a Qd  clay  (about  703  A.  T.)  5 

6.  Shale,  gray,  soft 6 

6.  Sbale,  bluish  black 8 

4.  Shale,  dark,  bituminous,  soft   i,t 

3.  Coal 1,2 

2.  Goal,  bony 1-6 

1.    Coal 2 

There  are  in  this  vicinity  a  number  of  strlppings  and 
shafts  which  are  worked  rather  extensively.  The  principal 
mine  is  the  Diamond  shaft,  now  abandoned,  located  in  the 
southern  part  of  section  13.  A  drill-hole  about  300  feet  to 
the  southwest  passed  through  the  following  strata  : 
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XIIl.    Record  of  Drillhole  near  Diamond  Shaft  No.  1. 

7.  Soil,  (about  730  A.  T.) 2 

6.  ••Graver* 6 

6.  Clay,  light  colored 12 

4.  Shale 1 

3.  Shale,  calcareo- arenaceous,  (hard  rock) 45 

2.  Shale,  dark,  argillaceous 2 

1.  Coal 3 

In  shaft  No.  1  the  same  rooks  as  those  in  the  drill-hole 
were  passed  throagh,  but  the  ''hard  rock"  was  only  36  feet 
thick.  The  old  shaft  No.  1  operated  by  the  same  company  bat 
long  since  abandoned  was  located  1200  feet  north  of  the  drill- 
hole.   The  record  is : 

XIY.    Record  of  Diamond  Shaft  No.  1  Cold  mine  J. 

FEET. 

5.  Aoll,  (about726A.  T.) 2 

4.  Ola y,  yellowish 7 

3.  Shale,  blue 7 

2.  Shale,  black 2»/3 

1.    Coal 6 

No ''hard  rock "  is  reported.  The  blue  shale  bed  is  its 
equivalent.  Nearer  the  oatcrop  it  becomes  soft  and  in  most 
places  on  exposure  breaks  down  into  ordinary  sandy  day. 
The  section  at  the  Dunlap  stripping  shows  it  where  it  has  be- 
come so  soft  that  15  or  even  20  feet  of  it  can  be  readily  strip- 
ped off  in  mining  the  coal. 

In  the  Central  shaft  ( section  12,  Sw.  qr.)  the  same  hard» 
shaly,  light  colored  arenaceous  rock  was  met  with  and  had  a 
thickness  of  20  feet.  The  coal  seam  worked  at  these  places  is 
often  undulatory.  The  bed  is  slightly  thinner  on  the  ridges» 
The  shales  overlying  the  coal  bed  for  several  feet  contain 
abnudant  fossil  plants  perfectly  preserved. 

Loose  chert  lies  in  the  creek  bed  a  few  hundred  feet  east 
of  these  localities  and  only  about  20  feet  below  the  coal  bed» 
There  is  probably  no  coal  below. 

SECTIONS  IN  SOUTH  MIDDLE  TIER  OF  TOWNSHIPS. 

The  south  median  tier  of  townships  embraces  those  in  41 
north,  ranges  XXIII,  XXIV,  XXV,  and  XXVI  west.    In  that 
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part  of  Tp.  41  N.,  B.  XXIII  W.  which  lies  withio  the  Oalhoun 
area,  sandstones  of  the  coal  measures  cap  the  ridges  and  ap- 
lands,  and  lower  Oarboniferoas  rooks  are  exposed  everywhere 
along  the  creeks.  The  sandstones  are  apparently  identical 
with  those  described  as  ococnring  to  the  south  and  soathwest. 

In  Tp.  41  K,  B.  XXIV  W.,  Sec.  36,  Ne.  qr.,  a  bed  of  coal 
about  three  feet  thick,  with  a  shale  band  one  foot  from  the 
bottom  is  exposed  in  a  shallow  pit.  It  is  overlain  by  five  feet  of 
drab  shale.  The  excavation  exposes  the  face  of  the  coal  for  a 
distance  of  50  feet.  At  the  western  end  the  coal  bed  becomes 
noticeably  thinner.  Half  a  mile  to  the  northwest  in  the  south- 
west corner  of  section  '25,  another  coal  bed  18  inches  thick  was 
struck  at  a  depth  of  40  feet.  Both  of  these  deposits  belong 
probably  to  the  same  seam  though  it  is  not  certain  that  the  in- 
tervening space  is  underlain  by  it  continuously.  Sandstones 
do  not  occur  prominently  in  the  vicinity.  The  rocks  are  prin- 
oipally  shales  yet  they  grade  into  sandstones  within  short  dis- 
tances in  all  directions.  On  Tebo  creek  and  on  its  principal 
tributaries  through  the  township  lower  Oarboniferohs  rocks 
are  everywhere  exposed.  In  the  eastern  part  sandstone  occurs 
on  the  flat  uplands,  its  base  being  150  feet  above  the  water  in 
Tebo  creek.  Westward  it  gets  lower  and  lower  until  it  lies 
within  less  than  50  feet  of  the  water,  in  the  northwestern  part 
of  section  4,  and  disappears  entirely  within  a  little  more  than 
half  a  mile  farther  up  the  creek.  Over  the  rest  of  the  town- 
ship sandstones  and  shales  are  everywhere  exposed.  Goal  is 
reported  to  have  been  encountered  in  a  well  at  Oolesburg  post- 
office  in  section  18,  at  a  depth  of  only  a  very  few  feet.  No 
other  occurrences  are  reported  in  the  township. 

In  Tp.  41  N.,  B.  XXY  W.  there  are  a  relatively  large  num- 
ber of  shafts,  wells  and  outcrops.  The  southeastern  corner  of 
the  township  is  characterissed  by  the  coarse  red  sandstones  ex- 
tending northward  from  the  vicinity  of  Oaines  post-office. 
These  with  their  characteristic  topography  extend  over  the 
southermost  two  tiers  of  sections  east  of  29  and  32.  Along 
Pretty  Bob  creek,  in  sections  35  and  36  frequent  fragments  of 
chert  occur  in  the  stream  bed.    Near  the    base  of  the  coal 
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measures  the  sandstone  is  coarse  and  often  pebbly,  the  latter 
being  noticeable  near  the  school  house  in  the  northwestern 
portion  of  section  25.  Further  northward,  along  the  eastern 
side  of  the  township,  shales  become  more  abundant  and  the 
topography  is  more  undulating. 

In  section   13,  Nw.  qr.,  a  seam  of  coal  one  foot  thick  is 
reported  in  a  well  at  a  depth  of  20  feet.    The  altitude  of  the 
top  of  the  well  is  790  feet  above  tide.    A  bed  is  also  reported  to 
occur  in  two  places  in  section  14.    In  each  case  the  thickoess 
is  given  as  12  to  15  inches.    The  seams  lie  at  an  elevation  of 
about  790  feet  A.  T.    Goal  is  also  said  to  occur  in  the  south- 
west corner  of  section  15,  but  at  present  the  bed  is  concealed.^ 
Coal  was  mined  at  one  time  near  the  center  of  the  east  half  of 
this  section.    For  the  most  part  sandstones  and  shales  are  the 
only  strata  exposed,  and  these  are  to  be  seen  in  every  ravine. 
The  former  are  very  abundant  in  the  southern  part  of  section 
16,  and  the  northwestern  part  of  section  21.    At  the  northern 
side  of  the  former  the  sandstone  beds  are  thinner  and  shales 
are  more   abundant,    In  section  27,  Nw.  qr.,  a  bed  of  coal 
which  is  neaily  four  feet  thick  is  being  mined  at  the  Gerhart 
stripping.    The  hillsides  above  the  seam  are  made  up  of  sand- 
stones and  shales  the  foimer  predominating,  though  rather 
thinly  bedded.    What  is  presumably  the  same  seam  occurs 
near  the  southwestern  corner  of  section  28.    It  lies  at  about 
the  same  elevation  as  the  bed  at  the  Gerhart  mine,  or  about 
720  feet  A.  T.    Westward,  no  other  outcrops  of  coal  are  found 
along  this  branch.    Where  the  wagon  road  crosses  it,  40  rods 
south  of  the  center  of  section,  fragments  of  chert  occur  ab- 
undantly in  the  channel.    At  the  eastward  turn  of  the  road 
just  south  of  the  bridge  soft  sandy  shales  are  exposed,  but 
higher  up  the  hill  sandstones  appear  again.    Southward  on 
the  uplands  the  sandstones  are  found  in  thin  beds.    Near  the 
middle  of  the  south  line  of  section  32  the  railroad  passes 
through  a  cut  in  which  20  feet  of  arenaceous  and  argillaceoua 
shales  are  exposed,  with  a  sandstone  capping  the  hill.    About 
300  yards  to  the  southwest  is  the  locality  described  in  section 

XI. 
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In  the  extreme  northwestern  portion  of  section  29  coal 
was  taken  ont  at  one  time  from  a  mine  in  the  bed  of  the  creek. 
Where  the  road  crosses  the  stream  sonth  of  the  mine  a  bed  of 
sandstone  crops  ont  in  the  channel. 

'In  section  20,  Sw.  qr.,  coal  has  recently  been  mined  in  a 
shaft  20  feet  deep.  Work  is  now  abandoned  and  the  damp 
shows  nothing  except  soft  argillaceous  or  slightly  sandy  shales. 
The  coal  is  said  to  be  three  feet  thick.  The  topography  of  all 
the  southern  part  of  section  20  indicates  clearly  that  no  very 
hard  beds  occur  at  the  surface.  Near  the  middle  of  the  north 
line  of  section  30,  on  the  Wicker  place,  coal  has  been  taken 
out  by  drifting.  The  mlue  was  opened  several  years  ago.  In 
1892  an  attempt  was  m  ide  to  operate  rather  extensively  but 
on  account  of  the  variability  in  the  the  the  thickness  of  the 
seam  the  plan  could  not  be  carried  out.  The  coal  is  overlain 
by  sandstone.  The  latter  rises  as  a  rather  sharp  ridge,  the 
beds  being  horizontal  however,  the  western  side  being  steep 
to  the  Grand  river  iioodplain,  and  the  eastern  side  gradual  to 
Sparrow  Foot  creek.  The  ridge  extends  northward  but  soon 
merges  into  a  ii^t  upland,  the  western  face  remaining  steep. 
Goal  has  not  been  found  along  the  bluff  except  at  the  locality 
mentioned.  Sandstone  is  also  prominently  exposed  along  the 
road  where  it  crosses  the  stream  in  tha  northwest  quarter  of 
section  19.  Beyond  the  creek  no  strata  are  found  until  after 
the  road  leaves  the  township. 

In  section  17  some  exposures  of  special  interest  occur. 
Goal  is  reported  io  a  well  on  the  north  side  of  the  southeast 
quarter  of  the  section.  In  the  road  east  of  the  well,  continu- 
ing to  the  top  of  the  hill  thinly  bedded  sandstones  and  sandy 
suales  are  exposed.  About  a  quarter  of  a  mile  northwest  of 
the  well  on  the  western  side  of  the  Sime  tract  is  the  Neigh- 
berger  drift.    The  strata  shown  are: 

XV.    Section  at  the  Neighberger  Coal  Mine, 

FKET. 

4.    Clay,  and  blue  sba!e  grading  Into  blue,  shelly  limestone  (about 

715  A.  T.) 8 

3.    Llmerock,  bluo.  irregularly  bedded,  with  pyrite  layers 4 

2.    Shale »4 

1.    Coal 3>i 
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The  shale  overlying  the  coal  seam  becomes  maoh  thicker 
ia  places  and  contains  caloareoas  concretions  carrying  fossils. 
Most  of  the  latter  appear  to  be  Spirifer  lineatus  and  Productus 
murioatus.  The  limerock  contains  a  few  large  Producti.  Jnst 
across  the  land  line,  about  300  feet  from  the  mine,  is  the  Car- 
penter drift,  now  abandoned.  The  thickness  of  the  coal  is 
about  the  same  as  at  the  Neighberger  opening.  Immediately 
over  the  seam  are  two  feet  of  gray  shale,  and  then  one  and 
one-half  feet  of  limerock.  Three-quarters  of  a  mile  westward 
is  the  Lake  shaft.    The  record  given  is : 

XVL    Record  of  Lake  Shaft. 

FEET- 

16.    Soil  (about  730  feet  A.  T.) 6 

IB.    Sandstone..  ^i 

14.    Shale 4 

18.    Sandstone S 

12.    Shale,  arglllaceoas 80 

11.    Shale 4 

10.    Limerock 2 

9.    Goal S 

8.    Shale,  black 2 

7.    Coal ^i 

6.    Shale,  argillaceous 10 

B.    Limestone,  pyritlferous 2 

4.    Coal,  with  a  thlQ  band  of  shale  12  Inches  from  the  bottom 8 

a.    Clay S 

2.    Sandstone,  hard •••  8 

1.    Coal(?) 1-6 

Numbers  11  and  14  were  reported  to  be  potter's  clay. 

No.  15  is  without  much  doubt  the  equivalent  of  the  limerock 

over  the  coal  bed  at  the  Neighberger  dcift.    Three-quarters  of 

a  mile  northeast  of  the  Like  shaft  the  England  shaft  was  sunk 

several  years  ago.    It  was  abandoned  for  some  time  but  is  now 

being  operated.    On  the  Avery  land  half  a  mile  north  of  the 

Neighberger    mine  an    old    stripping    shows    the    following 

sequence : 

XV IL     Section  at  Avery  Stripping. 

FKKT. 

6.  Soil  (about  780  feet  A.  T.) 1 

6.  Limestone,  arenaceous,  blue  to  drab,  in  flag-like  layers,  shaly 

at  bottom,  more  massl 76  at  top   d^i 

4.  Shale,  argillaceous,  dark 4 

3.  Shale,  black,  flsslle 1 

2.  Shale,  dark,  pyritlferous 1^, 

1.  Coal 3«^i 
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• 

On  the  40acre  tract  lying  immediately  north,  the  same 
coal  has  been  mined  in  several  places,  all  near  together.  At 
the  most  southerly  of  the  openings  a  thin  flag-like  rock,  similar 
to  that  found  on  the  Avery  land,  lies  a  few  feet  above  the  coal. 
At  the  most  northerly  one,  however,  no  such  stratum  appears. 
The  coal  here  is  overlain  by  black  s.hale  and  this  in  turn  by 
blue  shale.  It  is  possible  that  the  flag-like  rock  may  lie  so  far 
above  the  coal  that  it  was  not  exposed  in  the  shallow  pits,  but 
it  does  not  appear  to  outcrop  anywhere  in  the  northern  part 
of  the  tract.  Where  the  road  crosses  the  branch,  one-fourth 
of  a  mile  north  of  the  Avery  stripping,  no  rocks  are  seen  that 
can  be  correlated,  on  lithological  similaiity,  with  the  flaggy, 
calcareous  rock  in  the  stripping.  Sandstone  blocks  occur 
abundantly  in  the  branch  and  on  the  hillside  for  some  distance 
above  the  bed  of  the  stream.  The  same  rock,  in  rather  thin 
layers  and  interbedded  with  shale,  outcrops  in  the  roadside 
gullies.  The  coal  at  all  the  mines  of  this  group  is  considered 
to  be  the  same,  the  Avery  and  England  mines  being  located 
near  the  eastern  and  northern  c  dges  of  the  basin.  It  dips  west- 
ward from  the  Carpenter  place,  as  is  shown  in  the  Lake  shaft, 
and  southward  from  the  England  mine,  as  is  manifest  in  both 
the  Lake  shaft  and  in  the  Avery  mine.  The  shale  between  the 
coal  and  limerock  thickens  northward,  as  shown  in  both  the 
Avery  and  the  England  mines.  « 

A  sandstone  ridge,  to  which  reference  has  been  made,  ex- 
tends from  south  of  the  Yicker  mine  (at  Bethlehem  church) 
northward  to  the  road  crossing  Dillon  creek,  in  the  northwest 
quarter  of  section  19.  Northwestward  along  the.  road  the 
sandstone  next  becomes  conspicuous  in  the  southeast  quarter 
of  section  13  (Tp.  41  N.,  R.  XXVI  W.)  From  this  point  a 
series  of  outcrops  occurs  along  Deer  creek  northward  to  near 
the  Owen  shaft  in  the  southeast  quarter  of  section  12.  There 
are  steep  bluffs  on  both  sides  of  the  stream  for  a  portion  of 
this  distance.  Westward,  eastward,  northward  and  southward 
from  this  strip,  which  is  not  more  than  400  yards  wide,  the 
more  indurated  beds  graduate  into  sandy  and  argillaceous 
shales.    In  the  Kirk  shaft  (Tp.  41   K,  B.  XXYI  W.,  Sec.  13, 
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Se.  qr.)  several  feet  of  sandstone  are  reported,  bat  jadgiog 
from  odtcrops  in  the  vicinity  and  from  the  topography  it  mast 
be  sandy  shale  or  very  friable  stone ;  and  less  than  one-half 
mile  soathwest  of  this  mine  in  the  Pitcher  shaft  only  three  feet 
of  sandstone  are  reported,  and  this  is  probably  the  eqaivalent 
of  the  hard  calcareo-arenaoeous  shale  overlying  the  Jordan 
coal  bed  in  the  vicioity  of  Deepwater  and  Brownington.  The 
valley  of  Goal  creek  along  its  whole  length  from  Oiinton  to  its 
month  is  very  wide  with  gradually  sloping  sides,  in  strong  con- 
trast to  the  steep  blnfifs  of  Deer  creek  south  of  the  Owen  mine. 
In  the  broad  valley  several  shafts  have  been  sunk.  AH  of 
them  have  passed  through  soft  sandy  and  argillaceous  shales. 
At  the  Owen  shaft  the  ceetion  is : 

XYIIL    Record  of  the  Oicen  Shaft. 

FEET. 

4.  Shale,  argillaceous,  (about  720  feet  A.  T.)    15 

3.  Coal  "-i 

2.  Shale,* argillaceous 9 

1.  Coal  2 

Four  inches  below  the  top  of  the  coal  bed  is  a  day  part* 
ing  one  and  half  inches  thick.  The  bed  of  Deer  creek,  in  the 
sandstone  belt  to  the  south,  is  cut  below  the  horizon  of  the 
seam  but  no  coal  is  found.  About  200  yards  northeast  of  the 
Owen  mine  and  just  east  of  the  range  line,  the  McLeod  shaft 
has  been  recently  put  down.  The  section  as  seen  in  the  un- 
cribbed  shaft  is  practically  the  same  as  that  at  the  Owen  shaft, 
the  lower  coal  corresponding  to  the  lower  coal  there. 

XIX.    Section  at  the  McLeod  Shaft. 

FEET 

8.  Soil  and  Clay  (about  720  feet  A.  T.) 12 

7.  Shale,  blue,  sandy 4 

6.  Shale,  black 1 

5.  Shale,  sandy,  yellowish 7 

4.  Coal 1 

3.  Clay,  massive,  sandy,  micaceous 6^^ 

2.  Shale,  black,  fissile,  and  pyritlferous H 

1.    Coal 2 

The  record  of  the  Kirk  shaft  (Sec.  13,  Se.  qr),  is  as 
follows: 
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XX.    Record  of  KirJc  Shaft. 

■  FEET. 

4.  Soil  and  Clay,  (about  725  A.  T.) 10 

3.  Sandstone 25 

2.  Shale H 

1.  Coal  2>i 

The  Jordan  shaft  and  two  drill-holes  are  located  a  short 
distance  west  of  the  Kirk  mine.  In  each  drill-hole,  as  well  as 
in  the  shaft  aboat  30  inches  of  coal  were  passed  throngh.  In 
the  shaft,  there  were  10  feet  of  surface  clay  and  soil  underlain 
by  10  feet  of  what  was  reported  to  be  the  same  as  the  calcareo- 
arenaceous  shale  found  in  the  Blair,  Diamond  and  other  mines 
near  Deep  water.  In  the  drill-hole,  a  short  distance  northwest 
of  the  shafc  the  shale  was  a  little  thicker,  while  east  of  the 
shaft  it  did  not  appear  at  all.  This  only  indicates  the  difference 
in  the  disintegration  which  has  gone  on  at  the  different  places. 
The  shale,  as  is  well  shown  at  Deepwater  and  Brownington, 
breaks  down  upon  exposure,  ^to  a  soft  blue  material,  with  the 
'appearance  of  a  blue  argillaceous,  slightly  sandy  clay.  When  not 
changed  by  weathering  it  is  a  hard,  compact,  gray  rock.  Its 
variation  in  character  from  hard  gray  rock  to  soft  clay  is  also 
probably  partly  due  to  change  in  character  of  the  bed  as  well 
as  to  amount  of  weathering.  Three  shafts  and  three  drill-holes 
were  put  down  in  the  southern  part  of  section  .25.  The  rec- 
ords of  all  three  are  nearly  the  same,  varying  only  in  the  thick- 
nesses of  certain  strata.  The  following  is  given  as  the  record 
of  one  of  them : 

XXL    Record  of  Jordan  Shaft. 

FEET. 

9.  Soil  and  Clay 8 

8.  Sandstone,  shaly,  white  and  gray 6 

7.  Shale,  gray,  calcareo- arenaceous,  with  soft  shale  at  top   28 

6.  Coal  3 

6.  Clay 3 

4  Shale,  brownish,  ocherous,  soft 23 

3.  Shale,  blue,  soft 5 

2.  Shale,  blue 8 

1.  Shale,  red,  white  and  yellow,  with  bowlders 24 

The  seam  at  the  foot  of  a  shaft  a  few  hundred  feet  south 
wi^s  30  inches  thick,  but  eastward  within  100  yards,  it  had 
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thinned  to  one-half  this  amount.  It  rose  in  that  direction  six 
feet  within  a  distance  of  300  feet.  Westward  the  coal  dipped 
slightly  at  about  the  same  angle  that  it  rose  eastward  and  be- 
came thicker,  some  places  reaching  a  thickness  of  44  inches. 
The  following  section  was  observed  by  Broadhead  at  the  Jor- 
dan drift  in  section  25  on  Grand  river : 

XXII.    Section  at  Jordan  Drift. 

FBBT. 

3.  Shale  (flagstone),  blue,  calcareous,  weathering  to  drab,  occur- 
Ing  in  uniform  layers  generally  about  two  inches  In  thick- 
ness     15 

2.    Coal 2«,' 

I.  Shale,  blue,  with  Iron  ore  concretions 9 

A  shale  seam  one  inch  thick  is  reported  about  four  inches 
below  the  top  of  the  coal  bed.  It  likewise  occurs  in  the  coal 
bed  in  the  Jordan  shafts.  It  id  also  found  in  the  seam  at  Deep« 
water  and  at  the  North,  Owen  and  Pitcher  mines. 

The  coal,  from  the  McLeod  and  the  Owen  mines  south- 
ward, including  that  mined  in  the  shafts  along  the  western 
side  to  the  Oalhoun  sheet  and  the  eastern  side  of  the  Clinton 
sheet,  is  is  regarded  as  the  same  bed.  Whether  it  is  the  same 
as  thebed  at  theEaglandand  L'lke  mines  to  the  east  is  not 
clear,  but  the  probabilities  are  that  it  is  not;  It  is  very  likely 
not  present  where  heavy  beds  of  sandstone  replace  the  shales, 
as  along  the  creek  south  of  the  Owen  shaft  and  near  Bethle- 
hem church,  also  northward  for  a  short  distance.  At  least  the 
negative  evidence  is  strong  enough  to  suggest  that  these  areas 
should  be  carefully  prospected  before  extended  attempts  are 
made  to  develop  the  coal. 

North  of  the  McLeod  shaft,  on  Deer  creek,  an  exposure 
occurs  within  less  than  half  a  mile  (Tp.  41  N.,  B.  XXYI  W., 
Sec.  12,  Ne.  qr. ).    It  is  as  follows : 

XXIIL     Outcrop  on  Deer  Creek. 

FBKT. 

12.    Sandstone,  thinly  bedded,  shaly  (about  725  feet  A.  T.) 2 

II.  Shale,  black,  changing  to  blue  above  8 

10.    Coal %      " 

9.    Clay Ji 

8.    Shale,  massive,  sandy  and  micaceous 6 
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FS£T. 

7.  Khale.  bltaminous. >^ 

6.  Coal,  Jordan  bed,  a  few  Inches  to 8 

5.  Clay,  dark 5 

4.  Shale,  black,  fissile l 

3.  Shale,  black,  pyrit If erous 3 

2.  Llmerock,  dark,  soft,  pfrltlferous,  bituminous,  shaljT l 

1.  Coal 8 

The  details  of  the  lower  coal  bed  are  as  follows : 
XXIV.    Details  of  Lower  Coal  Bed  in  Deer  Greek, 

INCHES. 

5.  Coal 18 

4.  Shale,  black l 

3.  Coal  4 

2.  Shale,  black 1 

1.  Coal 18 

The  saccession  as  a  whole,  the  details  of  the  lower  bed, 
and  the  associated  strata  of  the  lower  coal,  saggest  that  it  is 
not  eqaialvent  to  the  Jordan  coal  at  the  Owen  and  McLeod 
mines,  but  that  if  any  of  the  coals  in  this  outcrop  represent 
that  coal,  it  is  the  middle  bed,  and  that  this  lower  bed  is  equiva- 
lent to  the  Lake,  England,  and  Carpenter  seams  in  the  range 
east. 

SECTIONS  IN  THE  NORTH  MIDDLE  TIER  OF  TOWNSHIPS. 

The  townships  of  the  north  middle  tier  compose  those  in 
township  42  north,  ranges  XXIII,  XXIV,  XXV,  and  XXVI 
west.  In  that  part  of  the  eastern  township  which  lies  within 
the  area  of  the  sheet  sandstones  underlie  the  surface  of  the 
northern  portion,  while  in  the  southern  part,  except  on  the  tops 
of  the  hills,  lower  Oarboniferous  limestones  are  everywhere 
exposed. 

Near  the  middle  of  the  south  line  of  section  18  there  is  a 
]r2-inch  bed  of  coal  lying  at  an  elevation  of  about  730  feet  A. 
T.,  and  less  than  25  feet  beneath  it  are  exposed  the  limestones 
of  the  lower  Carboniferous.  Over  the  rest  of  the  area  of  this 
township  within  the  sheet  and  over  the  eastern  part  of  the 
township  west  of  it  the  sandstone  of  the  coal  measures  has 
caused  a  development  of  topography  of  the  type  existing  near 
Gaines.  A  generalized  section  of  the  rocks  of  township  42 
north,  range  XXIV  west  is  about  as  follows  : 
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XXV,     Oeneralized  Section. 

FEET. 

6.    Soil,  With  large  amount  of  detrltal  chert  In  places    6 

.  i.    Limestone,   thinly  bedded,   slUcious,  apparently  graduating 

southeastwardly  Into  sandstone 8 

3.    Shalp.  soft,  argillaceous,  bltumlnpus,  and  probably  sandy  with 

some  thin  sandstone  beds  and  one  coal  seam ,  about 60 

2.    Sandstone,  rather  coarse-grained,  often   massive,  with  coal 

beds  of  small  ajeal  extent,  from  10  to 60 

1.    Limestone  (lower  carboniferous)  exposed 20 

The  basal  sandstone  of  the  coal  measures  is  exposed  over 
the  northeastern,  eastern  and  southern  parts  of  the  township, 
except  along  the  principal  creeks  in  the  southern  part  where 
the  lower  OarboniferouB  rocka  are  well  displayed.  The  shale 
member  and  the  upper  limestone  occur  only  in  the  western 
central  and  northwestern  parts  of  the  township  and  only  in 
the  highest  land.  The  flat-topped  highland  area  in  this  part  of 
the  township  is  made  np  of  these  strata  and  the  limestone  oc- 
curring near  the  top  has,  by  its  resistance  to  erosion,  pre- 
reserved  the  flat  top  of  the  highland  and  caused  the  transition 
to  lower  land  underlain  by  the  basal  sandstone  to  be  abrupt. 
There  is  over  most  of  the  lowland  a  soil  derived  largely  from 
the  shale  and  in  many  places  part  of  this  member  still  caps  the 
sandstone.  The  limestone  No.  4  is  believed  to  be  the  equiva- 
lent of  the  basal  limestone  of  the  Henrietta  formation— the 
bed  lying  8  to  20  feet  above  the  Spangler  coal  bed  of  the  north- 
western part  of  the  sheet.  The  correlation  is  based  principally 
upon  the  relations  which  exist  between  the  limestone  and  the 
underlying  coal  bed  which  is  essentially  the  same  in  both  cases ; 
but  it  should  be  understood  that  this  correlation  is  merely  sug- 
gestive. The  basal  limestone  of  the  Henrietta  beds  of  the 
northwestern  part  of  the  sheet,  when  carried  over  the  inter- 
vening lowland  with  its  average  northwestern  dip  would  lie 
near  the  top  of  the  highland  southeast  of  Oalhoun.  When 
this  is  taken  in  connection  with  the  fact,  as  is  shown  farther  on 
that  the  Tebo  bed  thins  out  not  far  from  the  line  of  the  Mis- 
souri, Kansas  and  Texas  railroad,  and  that  the  next  overlying 
coal  above  the  Tebo  bed  in  the  northwestern  part  of  the  sheet, 
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which  is  well  marked  by  itMhipfhly  fossiliferoas  overlyiDpf  shale 
bed,  cannot  be  fonnd  in  the  eastern  part  of  the  district,  it 
seems  reasonable  to  oonclade  that  tho  western  representative 
of  the  coal  bed  in  the  highland  southeast  of  Oalhonn  is  the 
Spangfler  coal,  and  that  the  overlying  limestones  at  the  two 
places  are  equivalent.  This  highland  is  therefore  an  ontlier  of 
the  Warrensbnrg  nplaad  of  the  northwestern  part  of  the 
sheet. 

In  sectioh  26,  Ne.  qr.,  shaly  coal  is  reported  to  occur  in  a 
well  at  a  distance  of  20  feet  from  the  surface,  and  about  100 
rods  northwest  of  this  it  is  said  to  be'  18  feet  beneath  the  sur- 
face. The  seam  has  never  been  mined  on  account  of  its  shaly 
character.  It  lies  about  45  feet  above  the  bed  of  Barker  creek, 
in  which  loose  chert  is  abundant,  though  no  lower  Oarboni* 
ferous  rocks  were  seen  in  place  nearer  than  the  ford  two 
miles  to  the  north.  In  the  southeastern  corner  of  section  21, 
at  the  Journey  coal  mine,  the  section  is : 

XXVL    Section  at  the  Journey  Coal  Mine, 

FEKT. 

4.    Shale,  sandy,  with  clay  at  top  (about  72S  feet  A.  T . ) 3 

8.    Shale,  and  concretionary  Iron  ore,  with  Irregular  lenticular 

layers  of  shaly  coal K 

2.    Shale,  massive,  hard,  argillaceous  (daystone) 1 

1.    Coal,  with  pyrlte.  Irregularly  distributed  (exposed) l>^ 

One  hundred  yards  down  the  branch  from  this  point  and 
a  few  yards  north  of  the  road  the  coal  is  overlain  by  three 
feet  of  drab  shale.  Less  than  half  a  mile  to  the  west  a  drill- 
hole passed  below  the  level  of  the  bed  at  the  stripping  but 
did  not  penetrate  coal.  South  of  the  drill-hole  a  short  dis- 
tance an  8-inch  seam  of  coal  is  exposed  at  about  the  same 
elevation  as  the  Journey  seam.  At  the  drillhole  and  in  the 
banks  of  the  branch  sandstone  is  well  exposed.  The  latter 
appears  westward  from  the  drill-hole  for  a  distance  of  three- 
quarters  of  a  mile,  and  seems  to  be  the  principal  rock  under- 
lying the  soil.  Between  the  church,  in  section  29,  and  the  creek 
west  of  it  shale  becomes  al;^undant.    In  the  creek  bank  be- 
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neath  the  horizon  of  the  shale  aboat  15  feet  of  sandstone  are 
exposed.  Down  the  creek,  sandstone,  coarse  and  rather  heavily 
bedded  is  the  only  rook  seen  until  the  lower  Oarboniferons 
strata  appear  in  the  southern  part  of  the  section. 

In  the  northeastern  part  of  the  township  sandstone  is 
found  abundantly  on  the  higher  land  south  of  Barker  creek 
and  in  the  banks  and  low  bloffs  of  the  same  stream.  West- 
ward very  few  exposures  of  indurated  rock  occur  east  of  sec- 
tion 16,  and  those  that  are  found  are  chiefly  shales  On  the 
edge  of  the  highland,  towards  the  western  part  of  the  town- 
ship, Norwood  found  at  the  Munn  coal  bank  (section  17,  8w. 
qr.)  the  following  section  : 

XXVII.    Section  at  the  Munn  Coal  Mine. 

FBBT. 

6.    Concealed,  with  scattered  pieces  of  cbert  containing  Produdua 
tnuricatU9»  Spirifer  pUmocanvexuB  and  Choneteo  metoloba  (about 

846feetA.T.) 17 

6.    Limestone,  bard,  blue  and  drab,  slllclous  In  thin  beds,  contain- 
ing Producttu prattenianua  and  crlnold  stems. .  2 

4.    Concealed 20 

3.    Local  drift  composed  of  chert,  sandstone,  etc s 

2.    Clay,  ocherous,  blue H^ 

1.    Coal,  upper  6  Inches  poor  and  shaly 2Vi 

The  coal  seam  lies  about  100  feet  higher  than  the  bed  at 
the  Journey  mine,  and  also  above  it  stratigraphically.  The 
coal  at  the  Journey  place  is  in  a  shale  lens  in  the  basal  sand- 
stone of  the  coal  measures  as  given  in  the  general  section  of 
the  township.  The  coal  at  the  Munn  mine  lies  above  the  sand- 
stone and  in  the  overlying  shale  bed.  The  seam  at  the  Jour- 
ney mine  was  not  known  at  the  time  of  Norwood's  visit  to  the 
area.  The  limestone  of  the  Norwood  section  caps  the  small 
area  of  highland  shown  on  the  topographic  map  north  of 
where  the  section  is  located.  On  the  western  side  of  the  area^ 
along  the  Tebo  creek,  it  is  much  more  silioious,  and  in  places 
has  changed  to  a  calcareous  sandstone.  A  section  including 
the  rocks  outcropping  from  the  top  of  the  hill  ( Sec.  8,  Sw.  qi.  > 
down  to  Tebo  creek  half  a  mile  westward  and  about  two  miles 
southeast  of  Oalhoun  is  about  as  follows : 
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XXV IlL    Seetion  southeast  of  Calhoun. 

FEET. 

6.  Slope,  covered  with  chert  (about  840  feet  A.  T, ) 10 

5.  Limestone,  arglllaceoas,  slllclous 2 

4.  Shale,  arffillaceous,  bluish  and  drab,  becoming  blaclc  near  the 

bottom 20 

3.  Coal 2>i 

2.  Shale 20 

1.  Sandstone,  about.  70 

The  sandy  rock  lying  near  the  top  of  the  hill  in  the  north- 
ern part  of  section  21  and  adjacent  pans  of  16  is  correlated 
with  the  limestone  of  the  above  section.  The  coal  bed  is  not 
seen  along  the  eastern  face  of  the  highland. 

The  strata  of  the  coal  measures  of  the  eastern  part  of  town- 
ship 42  north,  range  XXV  west,  are  aboat  the  same  as  those 
in  the  western  part  of  the  township  east.  Toward  the  soath- 
eastern  corner  of  the  township,  as  in  the  sonthwestern  corner 
of  the  one  east,  the  sandstone  forming  the  basal  member  of 
the  coal  measures  is  thinner  than  farther  north.  Shales  pre- 
dominate down  almost  to  the  level  of  lower  Oarboniferoas 
rocks.  In  the  northwestern  corner  of  the  township  to  the 
east  the  basal  sandstone  has  a  thickness  of  about  70  feet. 
Along  the  eastern  side  of  the  township  under  consideration 
exposures  rarely  exceed  45  feet  in  thickness.  The  steep  banks 
of  the  streams  in  sections  12, 13,  23  and  24  are  made  up  en* 
tirely  of  it.  Southward  its  absence  as  massive  sandstone  is 
shown  in  the  more  gently  sloping  sides  of  the  valleys.  As  a 
whole  the  coal  measures  of  this  township  differ  considerably 
from  those  of  the  last  one  mentioned.  A  general  section  of 
the  rocks  in  township  42  north,  range  XXV  west,  is  as  follows  : 


G— 10 
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XXIX,     Oeneralized  Section, 

FEET. 

U,  Limestone,  basal  member  of  Henrietta  formation 2 

13.  Shale,  argrlllaceous 20 

13.  Coal m 

11.  Shale 25 

10.  Shale,  black,  calcareoas,  fossUiferoas S 

9.  Coal 1 

8.  Shale  and  clay 10 

7.  Llmerock,  hard,  dark  blae,  one  bed 1 

6.  Shale,  black,  fissile,  with  clay  at  top 4 

6.  Coal  (Tebo  bed) 2S' 

4.  Clay  and  shale 4 

3.  Coal  (not  persistent) ^ 

2.  Shale  and  thin  sandstone 33 

1.  Sandstone SO 

The  strata  above  the  Tebo  coal  were  not  indentified  in 
the  township  east,  nor  soatheast  of  the  line  of  the  Missouri, 
Kansas  and  Texas  railroad.  Between  Lewis  and  Oalhonn  the 
Tebo  seam  lies  as  much  as  40  feet  beneath  the  surface.  South- 
east of  the  railroad  the  surface  remains  nearly  level  for  a  mile 
or  two.  The  coal  bed  does  not  dip  westward  at  an  angle  suf- 
ficiently great  to  carry  it  above  the  surface  within  this  distance, 
so  that  if  it  did  not  thin  oat  it  would  outcrop  in  some  of  the 
ravines,  or  occur  in  some  of  the  wells  in  this  part  of  the  area. 
The  limerock  associated  with  the  coal  bed  is  a  relatively  very 
resistant  stratum  and  would  certainly  be  exposed  at  some 
point  along  the  creek.  The  fact  that  it  does  not  appear  is 
considered  good  evidence  that  it  has  changed  from  a  resist- 
ant limestone  to  a  softer  rock. 

The  Tebo  coal  was  sought  by  drilling  and  by  sinking  a 
shaft  at  Calhoun,  but  it  was  not  found.  It  is  probable,  how- 
ever, that  the  top  of  the  shaft  was  below  the  horizon  of  the 
coal,  but  the  top  of  the  drill-hole  was  certainly  above  it.  A 
seam  of  coal  14  inches  thick  is  said  to  have  been  reached  in  a 
well  in  section  15,  Ne.  qr.,  at  a  depth  of  24  feet  This  is  sev- 
eral feet  below  the  level  of  the  Tebo  bed.  In  a  well  in  sec- 
tion 28,  Nw.  qr.,  there  were  encountered  12  feet  of  sandstone, 
9  feet  of  gray  shale  bearing  impressions  of  ferns,  and  twofeet 
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of  coal.  The  top  of  the  well  is  814  feet  A.  T.  This  coal  bed 
lies  at  very  nearly  the  same  elevation  as  the  Tebo  seam  at  its 
nearest  ontcrop,  abont  two  and  one-fonrth  miles  dae  west. 
Bat  here  there  is  no  limestone  associated  with  the  seam.  No 
other  coal  bed  or  other  strata  were  fonnd  near  the  well  that 
€onld  be  correlated  with  the  Tebo  coal  or  its  associated  rocks. 
From  the  fact  that  at  the  ezposnre  jast  referred  to  it  lies  sev- 
eral feet  lower  than  the  surface  of  the  country  eastward  and 
that  its  rise  southeastward  is  not  sufficient  to  carry  it  above 
the  surface  before  reaching  the  well  the  most  probable  conclu- 
sion is  that  the  coal  and  its  associated  beds  change  in  char- 
acter in  this  direction,  the  limestone  overlying  the  coal  pass- 
ing into  sandy  shale  and  the  coal  finally  thinning  out.  The 
€oal  in  the  well  is  probably  therefore  an  occurrence  of  the 
modified  Tebo  bed.  It  is  manifest  that  this  is  not  a  northern 
extension  of  the  Jordan  coal  of  the  township  to  the  south,  for 
it  lies  at  a  much  higher  horizon.  It  is  possible,  however,  to 
correlate  it  with  the  Tebo  coal  but  the  latter  is  clearly  not  the 
equivalent  of  the  Jordan  coal.  It  was  suggested  that  the  two 
might  be  equivalent,  and  an  examination  of  the  outcrops  on 
Deer  creek  from  the  Owen  shaft  on  the  south  to  the  Missouri, 
Kansas  and  Texas  railroad,  where  the  Tebo  coal  is  exposed,  on 
the  north,  was  consequently  made.  The  results  are  contained 
in  the  series  of  connected  sections  shown  in  the  accompany- 
ing sketches  (E  to  B,  plate  vii ).  The  sections  were  measured 
at  points  along  the  creek  and  were  arranged  in  succession  as 
they  occur  and  at  their  proper  relative  elevations. 

An  extremely  interesting  occurrence  of  coal  in  this  town- 
ship is  the  Lewis,  or  Mammoth  bed,  which  was  extensively 
mined  several  years  ago.  It  occurs  as  a  long  narrow  bed  ex- 
tending from  the  middle  of  the  east  line  of  section  25  north- 
westward in  a  nearly  direct  line.  It  is  very  easily  traced  on 
the  map  by  the  line  of  shafts  which  were  sunk  to  it.  The  shaft 
at  the  extreme  northwest  is  in  the  northwestern  corner  of  sec- 
tion 17.  The  coal  along  the  axis  of  the  basin  is  said  to  be  a 
little  more  than  40  inches  thick.  The  trend  of  the  axis  is  north- 
west and  southeast  though  not  in  a  perfectly  straight  line ; 
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the  deviations  are  small.  The  width  of  the  basin  containing 
coal  of  workable  thickness  is  about  140  feet,  70  feet  to  each 
side  of  the  axis  of  the  basin,  the  limit  of  workable  thickness 
being  considered  two  feet.  The  seam  rises  in  both  directions 
at  right  angles  to  the  axis  of  the  basin  and  thins  rapidly  npon 
the  ascent.  The  total  rise  is.  on  an  average,  about  1  foot  in  5- 
from  the  axis.  A  cross-section  of  the  basin  is  represented  be- 
low ( figure  12.) 


Figure  12.    Cross  Section  of  Mammotb  Coal  Bed. 

The  section  of  the  Bowen  shaft,  in  section  17,  Nw.  qr. 
measured  by  Dr.  J.  H.  Britts  while  the  exposure  was  fresh,  is 
as  follows : 

XXX.    Section  at  Bowen  Shaft. 

FBBT. 

24.    Limestone,  with  fossils  (about  830  feet  A.  T . ) 2 

23 .    Shale ,  light  dra  b 1% 

22.    Limestone,  concretionary,  with  ochre I's 

21.    Shale,  black,  massive 2^ 

20.    Shale,  light  colored 8 

19.    Shale,  white,  argillaceous 3 

18.    Shale,  black,  bituminous 2 

17.    Goal Vi 

16.    Clay  and  shale 9 

16.    Shale.  Jointed,  bituminous 2 

14.    Shale,  sandy 12 

13.    Llmerock.  hard,  blue 2V2 

12.    Shale,  calcareous,  with  fossils  3 

11.    Shale,  bituminous 2 

10.    Coal  (Tebo  l)ed)  2Mi 

9.    Clay  and  shale 9 

8.    Shale,  black % 

7.    Coal,  with  pyrltlferous  concretions 3 

6.    Shale,  sandy,  light  colored 12 

6.    Shale,  dark  colored,  bituminous  7 

4.    Coal,  extra  good  quality Vi 

3.    Shale,  bituminous 7 

2.    Coal  (Mammoth  bed) 6^ 

1.    Shale,  pyrltlferous 13 
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In  sections  22,  23  and  24  the  strata  below  the  Mammoth 
€oal  are  sandstones.  It  is  believed  that  they  also  oconr  be- 
neath the  bottom  of  the  shaft  and  the  Mammoth  seam  here  is 
the  lowest  coal.  In  the  generalized  section  of  the  rocks  of 
this  township  the  place  of  the  Mammoth  bed  is  near  the  base 
of  the  shale  jast  above  the  lower  sandstone.  The  record  of 
the  Cooperative  shaft  at  Lewis  station  ( Sec.  9,  Sw.  qr.)  is : 

XXX L    Section  of  Cooperative  Shaft  at  Lewis  Station. 

FEET. 

17.  Sou  and  surface  Clay  (about  815  feet  A.  T 16 

16.  Clay % 

16.  Goal 1M8 

14.  Clay. 1 

13.  Interval  (probably  soft  argillaceous  shales) 82 

12.  Shale,  black,  fissile,  calcareous,  fosslUferous 2 

11.  Coal iVi 

10.  Clay 8 

9.  Sandstone,  hard 5 

8.  Shale 4 

7.  Llmerock,  hard,  massive 1 

6.  Shale,  black,  fissile,  with  numerous  calcareous  concretions —  4 

6.  Coal  (Tebo  bed) 2V<2 

4.  Clay 1^ 

8.  Shale 2% 

2.  Goal Vi 

1.  Interval,  no  coal 27 

A  ledge  of  limestone  outcrops  in  the  road  a  few  feet  above 
the  top  of  the  shaft.  For  a  distance  of  more  than  a  mile 
northwest  of  the  shaft  sandstone  occasionally  crops  oat,  and 
everywhere  the  soil  is  sandy,  In  the  northeast  corner  of  sec- 
tion 8  the  following  is  shown : 

XXXII.    Section  Northwest  of  Cooperative  Shaft. 

FFFT. 

4-    Concealed,  sandy  soil  from  top  of  hill  (about  826  feet  A.  T)  40 

8.    Concealed,  abundant  limestone   fragments,  the  limestone   Is 
shalyat  top  and  carries  abundant  fossllp,  Chonetei  meioloba 

and  several  species  of  Productus 8 

2.    Shale,  black,  fissile 1 

1 .    Shale ,  argillaceous 4 

Aboat  100  yards  to  the  west  and  at  an  horizon  aboat  15 
feet  lower,  the  strata  exposed  are : 
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XXXIIL    Outcrop  below  Section  XXXIL 

FEBT. 

4.    Limestone  (aboat  800  feet  A.  T.) 4 

3.    Limestone,  shaly,  drab  and  yellowish,  changing  to  shale  In 

places BK 

2.    Shale,  black,  fissile 4 

1.    Coal 1 

The  coal  in  this  section  is  correlated  with  the  npper  seam 
in  the  Cooperative  shaft  at  Lewis,  and  the  limestone  of  the  sec- 
tion preceding  with  the  limestone  outcropping  jast  above  the 
top  of  the  same  shaft.  The  upper  two  members  of  the  pre- 
vious section,  according  to  this  correlation,  are  replaced  at  the 
shaft  by  shales.  From  the  fossils  contained  and  from  the  re- 
lation to  the  Tebo  coal  bed  the  limestone  in  section  XXXII  is 
correlated  with  the  fossiliferous  limestone  outcropping  about 
half  a  mile  west  of  Huntingdale  in  the  Olinton  area.  The  coal 
bed  just  below  that  limestone  is  represented  in  this  section  by 
the  black  shale.  The  limestones  shown  in  section  XXXIII 
are  also  correlated  with  the  limestones  outcropping  only  a 
short  distance  down  the  branch  west  of  the  outcrop  of  the 
coal  and  limestone  near  Huntingdale,  and  the  coal  seam  with 
the  bed  outcropping  near  the  ford  on  Honey  creek,  about  two 
miles  west  of  Huntingdale.  The  limestone  is  the  first  one 
above  the  Tebo  coal.  Eastward  from  this  locality  the  rocks 
outcrop  in  the  succession  shown  in  the  Cooperative  shaft. 

On  the  railroad  northeast  of  Lewis  two  shafts  are  now 
working  in  the  Tebo  coal.  The  first  one,  the  Tebo  mine^ 
located  in  the  Nw.  qr.  of  section  10,  passed  through  the  same 
strata  that  occur  at  the  Cooperative  shaft  below  the  second 
coal  bed.  Its  surface  ele  nation  is  less  than  that  of  the  latter. 
The  second  is  the  Gedney  shaft  located  about  one  mile  beyond 
the  Tebo  mine.    The  succession  is : 

X.YX/V.     Section  at  the  Oedney  Shaft. 

FEET. 

8.  Sou  (about  760  feet  A.  T.) 2 

7.  Clay,  blue 10 

6.  Sandstone H 

6.  Cla/ 12 
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4.    Sandstone.  1 

3.    Sbale.  light  colored 3 

2.    Shale,  black,  fissile  i 

1.    Goal 2^^ 

The  ooal  is  without  qaestion,  the  Tebo  bed.  The  cap-rock 
could  not  be  found  in  an  outcrop  nearby,  possibly  on  account 
of  the  change  to  a  soft  rock.  This  is  the  most  easterly  place 
in  the  township  where  this  bed  has  been  found. 

In  the  northwestern  corner  of  the  township  outcrops  are 
few.  Topographically  this  division  of  the  township  is  a  part 
of  the  Warrensbnrg  upland,  being  held  up  by  the  relatively 
resistant  limestones  of  the  Henrietta  formation.  The  most 
important  member  considered  as  a  topographic  determinant  is 
the  limestone  occnring  just  above  the  top  of  the  Cooperative 
shaft  at  Lewis  and  also  as  a  ledge  near  the  top  of  the  Bowen 
shaft  ( Section  17,  Nw.  qr. ).  The  rocks  below  are  well  shown 
in  the  shaft  records.  Those  above  it  consist  of  alternating 
limestones,  sandstones  and  shales,  with  a  thin  bed  or  two  of 
coal.  Along  the  edge  of  the  upland  south  aud  southwest  of 
the  shaft  in  section  17  exposures  are  infrequent,  except  of  the 
basal  limestone  of  the  Henrietta  beds,  which  is  so  often  seen 
near  the  top  of  the  rather  faint  esearment  forming  the  south- 
eastern edge  of  the  upland. 

In  Tp.  42  N.,  R.  XXVI  W.,  Sec.  26,  Se.  qr.  occurs  the 
most  southerly  outcrop  of  the  Tebo  coal  found  within  the 
area  of  the  sheet.  This  is  the  outcrop  shown  in  the  series  of 
sections  on  plate  vii  already  referred  to  as  illustrating  the  re- 
lations of  the  Tebo  and  the  Jordan  coals.  Northward  along 
that  part  of  this  township  lying  within  the  sheet,  exposures  of 
more  than  a  single  ledge  in  one  place  are  not  abundant.  A 
coal  bed  is  worked  in  the  Nw.  qr.  of  section  25.  This  vein  is 
correlated  with  the  Tebo  coal.  The  locality  was  not  visited 
and  the  correlation  is  based  upon  the  reported  thickness  of 
the  coal  and  its  elevation. 

Farther  northward,  in  sections  1  and  12,  there  are  a  few 
outcrops  of  limestone,  sandstone  and  shale,  but  only  a  few 
feet  in  each  case.    They  all  belong  in  the  Henrietta  formation. 
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The  exact  position  in  the  general  section  of  each  of  these  thin 
strata  was  not  determined  for  this  small  area,  bnt  by  studying 
the  coal  measures  occarring  just  west  and  also  those  of  the 
same  formation  north  and  northwest,  the  succession  may  be 
very  well  predicted  for  this  small  area. 

SECTIONS  IN  THE  NOBTHERN  TIER  OF  TOWNSHIPS. 

The  townships  under  consideration  include  all  those  in  43 
north,  ranges  XXIII,  XXIV,  XXV,  and  XXVI  west.  Begin- 
ning on  the  east,  sandstones  and  shales  of  the  coal  measures 
occur.  In  that  part  of  township  43  north,  range  XXIII  west, 
lying  within  the  area  of  the  sheet  the  only  rocks  exposed  are 
sandstones,  with  thin  beds  of  shale.    No  coal  has  been  found. 

The  rocks  of  that  part  of  township  43  north,  range  XXIV 
west,  which  lies  within  the  area,  with  the  possible  exception 
of  sections  19  and  30,  all  lie  below  the  horizon  of  the  Tebo 
coal.  The  rocks  of  this  township  consist  of  the  basal  sand- 
stone of  the  coal  measures,  with  interbedded  and  lenticular 
masses  of  shale.  A  few  occurrences  of  coal  exist,  though  in 
each  case  the  beds  are  of  very  limited  geographic  extent.  The 
capping  of  the  surface  on  the  uplands  is  generally  shale  of  a 
few  feet  in  thickness,  the  lower  part  of  the  beds  just  above  the 
basal  sandstone.  The  shale  is  so  soft  that  it  is  almost  entirely 
stripped  off  down  to  the  sandstone,  the  remnant  serving  only 
to  fill  up  inequalities  in  the  surface  of  the  latter  and  producing 
a  remarkable  smooth  and  nearly  level  plain.  The  larger 
streams  are  incised  from  40  to  70  feet  in  the  basal  sandstones 
and  consequently  dow  in  rather  steep-sided,  though  generally 
wide  valleys. 

The  basal  sandstones  are  exposed  in  the  bluffs  of  the  creek 
in  sections  23  and  2^.  They  occur  in  rather  thick  beds  with 
occasional  thin  layers  and  small  lenses  of  shale.  They  are 
rather  coarse-grained,  generally  reddish  in  color  and  often 
cross-bedded.  An  outcrop  of  about  two  and  one-half  feet  of 
coal,  overlain  by  several  feet  of  blue,  argillaceous  shale  occurs 
in  the  northeastern  quarter  of  section  27.  The  hillside  above 
the  seam  is  sloping  and  appears  to  be  made  up  of  soft  shale 
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and  thinly  bedded  sandstone.  Goal  also  crops  oot  in  section 
22  (Sw.  i  of  Nw.  qr.),  bat  the  exact  thickness  could  not  be 
determined.  This  is  probably  the  same  bed  that  is  described 
by  Broadhead  as  occarring  on  the  Dillon  place.  It  is  as 
follows : 

XXXV.     Section  on  the  Dillon  Land, 

FEET. 

6.    Sandstone,  light  brown,  mostly  soft,  wltb  occasional  remains 

of  large  forms  of  SlglUarla  and  Calamltes 80 

6.    Slope,  shale 6 

4.    Sandstone,  at  bottom  of  Interval 2 

3.  Coal 2 

2.    Shale,  sandy 14 

1.  Sandstone,  In  creek,  with  Lepldodendron,  SlglUarla  and  Cor- 

daltes  (exposed)    2 

In  the  southwest  quarter  of  section  23  a  bed  of  coal  is 
seen  in  a  small  stripping.  It  lies  near  the  level  of  Tebo  creek 
bottom.  There  is  another  small  mine  about  one  mile  to  the 
south,  a  short  distance  north  of  the  township  line  in  section 
33.  The  coal  is  38  inches  thick,  immediately  overlain  by  two 
feet  of  black  shale,  and  that  in  turn  by  sandstone.  About 
one-fourth  of  a  mile  west,  at  a  locality  formerly  known  as  the 
Neff  place,  the  layers  exposed  in  a  shallow  pit  are : 

XXX  VI.     Outcrop  near  Neff  Place. 

FEET. 

6.    Concealed,  with  fragments  of  shale  [and  sandstone  (about  750 

feet  A.  T.) 15 

4 .  Coal ,  thinning  out  within  a  few  feet  northward ^ 

8.    Clay  (shale; 7 

2.  Shale,  bluish -black 1.^4 

1.    Coal 2 

Farther  west,  but  east  of  Tebo  creek,  sandstone  crops 
out  at  short  intervals.  The  eastern  bluff  of  the  creek  bottom, 
in  section  32,  is  an  almost  unbroken  escarpment  of  rather 
heavily  bedded  sandstone.  Along  the  railroad  in  section  29 
it  is  everywhere  exposed.  The  highway  crosses  the  railroad 
at  the  southwestern  corner  of  the  section  in  a  cut  showing  six 
feet  of  massive,  coarse-grained,  cross-bedded  sandstone. 
Northward,  in  section  20,  it  is  exposed  in  the  ravines,  but  is 
often  shaly.  Towards  the  western  side  of  sections  30  and  31 
shale  again  becomes  prominent,  though  thin  sandstones  occur 
in  them.    Near  the  middle  of  the  southern  part  of  the  north- 
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west  qaarter  of  section  30,  at  the  coal  mine  operated  by  Ed- 
wards and  Minish,  the  following  section  is  displayed : 

XXXVII,     Section  at  Edwards  and  Minish  Mine, 

FEKT. 

7.  Sou  and  shale  (about  670  feet  A.TJ 4 

6.    Coal,  not  persistent ^ 

6.  Shale 7 

4.  Shale,  dark  m  places,  light  In  others  2K 

3.  Coal.  In  two  beds,  with  thin  shale  parting 1 

2.  Shale,  light  colored H 

1.  Coal 3 

The  lower  coal  seam  lies  abont  25  feet  above  the  level  of 
the  floodplain  of  Tebo  creek,  which  is  200  yards  west  of  the 
mine.  At  the  Edwards  drill-hole,  abont  500  feet  east  of  the 
railroad  bridge,  in  section  31,  28  inches  of  coal  are  reported  at 
a  depth  of  30  feet,  bat  on  account  of  the  softness  of  the  rocks 
overlying  the  coal  no  attempt  is  made  to  mine  it. 

Four  hnndred  feet  west  of  the  Edwards  and  Minish  mine^ 
a  bed  of  coal  35  inches  thick  was  encountered  in  a  drill-hole 
at  a  depth  of  32  feet.  This  lies  at  abont  the  horizon  of  the 
coal  at  the  mine  and  is  snpposed  to  be  the  same  bed.  Farther 
west,  some  800  feet,  a  drill-hole  136  feet  deep  encountered  no 
coal  except  an  8-inch  seam,  20  feet  from  the  surface.  About 
500  yards  directly  south  of  the  drill-hole  a  shaft  was  sunk  to  a 
depth  of  70  feet  bat  no  coal  was  reached.  The  top  of  the 
shaft  and  of  the  drill-hole  are  each  about  815  feet  A.  T.  Sev- 
eral drill-holes  were  put  down  in  the  vicinity  of  the  Edwards 
and  Minish  mine,  but  no  coal  was  struck  excepting  within  a 
short  distance  west  and  south  of  it.  In  Tp.  43  N.,  B.  XXY  W.^ 
Sec.  36,  Nw.  qr.,  the  Edwards  shaft  was  sunk  several  years  ago. 
The  following  strata  were  passed  through  : 

XXXVIII     Section  at  Edwards  Shaft. 

FXBT. 

9.    Soil,  (about  665  feet  A.  T.) 8 

8.  Clay ....     6 

7.  Sandstone 12 

6.    Coal S 

6.    Clay 1 

1.  Shale,  argillaceous 20 

8.  Shale,  blaclc. 18 

2.  Coal,  very  soft 8K 

1.    Clay  (exposed) 1 
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Aboat  one-half  mile  sonthwest  of  the  shaft,  aoross  the 
west  fork  of  Tebo  creek  and  near  the  railroad,  a  hole  75  feet 
deep  was  bored  bat  no  ooal  except  a  thin  bed  near  the  top  was 
enconntered.    The  drill-hole  is  about  720  feet  A.  T. 

Some  years  ago  Broadhead  examined  the  rocks  exposed 
at  Oalhonn.  The  section  is  along  the  Missouri,  Kansas  and 
Texas  railroad  from  the  station  eastward : 

XXXIX.     Section  at  Calhoun. 

FSBT. 

13.  Sandstone,  brownish 6 

11.  Ironstone,  red,  sandy l 

10.  Sandstone ,  shaly ,  light  drah ,  lower  3  feet  ocherons 27 

9.  Shale,  dark 1 

8.  Coal,  and  bituminous  shale,  former  shalj l 

7.  Shale 8 

6.  Sandstone,  light  drab,  aboundlng*ln  Stigmarla 3 

6.  Clay 1 

4.  Coal,  and  argillaceous  shale ^ 

3.  Clay,  greenish,  with  brown  tinge 3 

2.  Coal 1 

1.  Clay 2 

In  the  accompanying  notes  it  is  stated  that  ^'  the  beds 
here  nndalate  somewhat.  In  the  first  small  cut  west  of  the 
railroad  bridge  (half  a  mile  east  of  the  station  )  the  Stigmaria 
sandstone  is  seen  six  feet  above  the  railroad  track,  one  foot 
thick  and  apparently  level ;  crossing  a  valley  aboat  400  feet 
wide  to  the  next  cat  west,  the  sandstone  is  foar  feet  above  the 
track  and  three  feet  in  thickness,  at  which  place  it  furnishes  a 
good  quarry  rook.  Fifty  feet  farther  it  dips  beneath  the  track 
and  is  concealed  for  80  feet,  when  it  rises  and  in  a  short  dis- 
tance is  foar  feet  above  the  track  and  apparently  level  for  600 
feet.  A  short  valley  here  intervenes,  beyond  which  we  find 
the  upper  members  of  our  section  as  quoted  above." 

Excepting  a  small  area  in  the  vicinity  of  Oalhoun  and  a 
narrow  tongue  ranning  a  short  distance  up  the  creek  trom  the 
southeastern  corner  of  the  sheet,  the  rocks  of  township  43 
north,  range  XXV  west,  are  all  above  the  horizon  of  the  Tebo 
coal.  The  first  appearance  of  the  Tebo  seam  northwest  of 
Oalhoun  is  in  Tp.  43  N.,  B   XXY  W.,  Sec.  23,  Se.  qr.    It  was 
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struck  in  a  dag  well  at  a  depth  of  40  feet  from  the  surface. 
The  top  of  the  well  is  about  780  feet  A.  T.  The  coal  bed  is 
correlated  with  the  Tebo  coal  on  the  ground  of  its  reported 
thickness  and  of  the  occurrence  of  a  hard  rock  above  it.  It 
has  been  mined  about  one  mile  west  of  the  well,  the  seam  Ijing 
about  750  feet  A.  T.  The  exposures  along  the  road  from  Cal- 
houn to  the  well  are  sandstone.  In  section  22,  southeast  quar- 
ter, an  outcrop  shows : 

XL.     Boad  Outerop  Korihwest  of  Calhoun. 

FEET. 

7.  Shale,  and  coal,  decomposed  (about  760  feet  A.  T.) l 

6.  Shale ,  argillaceous ,  becoming  dark  at  bottom 10 

6.  Limestone  (single  bed)   1 

4.  Shale,  argillaceous,  calcareous. Vit 

3.  Shale,  black,  fissile   l 

2.    Goal  (Tebo  bed) 2 

1.  Shale  and  clay 9 

About  500  yards  up  the  creek  the  upper  part  of  this  sea- 
tion  is  well  exposed.    It  is  as  follows : 

XL/,     Outcrop  on  Creek  Northwest  of  Calhoun. 

FEET. 

6.  Slope,  with  shale  (about  772  feet  A.  T.) 10 

6 .  Shale ,  black ,  pyrltlf erous ,  calcareous ,  full  of  Productl i 

4.  Shale K 

H.  Coal 1 

2.  Clay,  passing  Into  argillaceous  shale 7 

1.  Shale,  dark  blue .* 8K 

Still  farther  up  the  creek  the  shales  at  the  top  of  this  sec- 
tion are  15  feet  thick  and  are  overlain  by  sandy  shale  and 
thinly  bedded  sandstone.  The  higher  strata  in  this  part  of  the 
township  are  well  displayed  in  an  outcrop  and  a  well  record  in 
section  28.  The  former  is  located  on  Band  creek  northeast  of 
the  center  of  the  section. 

XLIL     Section  on  Sand  Creek. 

FEET. 

6.    Sandstone,  on  slope  (about  795  feet  A.  T.) 10 

4.    Limestone,  with  chert  nodules . .     5 

8.  Shale 20 

2.  Coal 1 

1.    Shale 20 
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The  lower  member  inclades  a  part  of  the  shale  in  No.  6  of 
the  preceding  section.  The  well  is  on  the  Thornton  place  and 
is  located  at  the  center  of  the  section.  The  record  as  re- 
ported is : 

XLIII.     Record  of  Thornton  Well. 

FEET. 

13.  Sou  and  Clay  (about  845  feet  A.  T.) 7 

12.  Clay,  red,  sandy 6 

11.  Flint,  fragments  ? 

10.  Clay,  sandy 

9.  Limestone 

8.  Shale,  red 3  to 

7.  Llmerock,  concretionary,  **nlgger-head8" 

6.  Shale,  hard 3 

6.  Limestone,  blue,  bard 2 


4.    Shale,  black .  2K 

3.    Coal 1 

2.    Shale,  hard,  gritty 7 

1.    Limestone l 

Between  the  bottom  of  the  well  and  the  top  of  section 
XLii  there  is  an  interval  of  less  than  25  feet,  which  is  probably 
made  up  principally  of  sandstone  and  sandy  shale. 

A  sandstone,  apparently  the  bed  at  the  top  of  section  xlii 
is  well  exposed  in  the  ravines  of  the  northeastern  corner  of 
section  28  and  adjacent  parts  of  section  29.  It  is  a  coarse, 
red,  often  cross-bedded,  massive  rock.  Its  top  reaches  as 
high  as  the  top  of  the  Thornton  well.  Its  thickness  is  60  feet 
or  more.  At  the  center  of  section  29  a  dag  well  36  feet  deep 
reached  a  hard  rock,  probably  limestone,  at  the  bottom.  A 
thin  bed  of  coal,  about  eight  inches  thick  occars  in  the  extreme 
northeast  quarter  of  section  30.  It  lies  at  about  the  elevation 
of  the  bottom  of  the  well  at  the  center  of  section  29.  Loose 
blocks  of  limestone  lie  on  the  surface  above  the  coal  and  its 
associated  black  shale,  the  latter  being  18  inches  thick. 

At  the  Kampe  coal  mine,  in  section  20,  southwest  quarter, 
the  following  succession  is  represented : 

XL IV.    Section  at  the  Kampe  Mine. 

FEET. 

7.    Limestone  (about  770  feet  A.  T.) 7 

6.    Concealed 6 

5.    Limestone iVi 
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FEET. 

4.    Shale,  argillaceous,  becoming  dark  and  passing  Into  black  fis- 
sile shale    6 

3.  Shale,  argillaceous,  bine 3Vs 

2.  Shale,  black,  fissile  Vi 

1.  Coal,  about Vi 

From  near,  if  not  directly  from  the  top  of  this  section 
massive  cross-bedded  sandstone  extends  to  the  top  of  the  hill 
in  the  southeast  corner  of  section  19.  Where  the  road  crosses 
the  ravine  at  the  center  of  the  section  an  unconformity 
of  the  sandstone  on  the  limestone  is  shown.  The  former 
rock  has  a  basal  conglomerate  of  limestone  pebbles.  On  the 
eastern  side  of  the  ravine  sandstone  reaches  from  the  top  of 
the  hill  to  near  the  bottom  of  the  ravine,  while  on  the  other 
side  the  regular  limestone  and  shale  of  the  coal  measures  are 
exposed,  all  the  beds  lying  horizontal.  One-half  mile  farther 
up  the  creek  from  the  Kampe  coal  mine  the  rocks  exposed 
are: 

XL  V,     Section  Northwest  of  Kampe  Mine, 

FEET. 

6.    Sandstone,  with  basal  conglomerate  visible  In  places  (about  786 

feetA.T.) 16 

4 .  Clay  and  shale ,  blue ,  sometimes  cut  out  by  sandstone 12 

3.  Limestone,  reddish,  highly  fosslllferous,  sometimes  cut  out  by 

sandstone Vi 

2.  Coal ,  shale  and  clay,  sometimes  cut  out  by  sandstone l 

1.  Limestone,  exposed  to  bed  of  creek 2 

These  strata  form  a  part  of  the  limestones  lying  10  to  16 
feet  above  the  coal  at  the  Kampe  mine.  About  1500  feet  be- 
yond, on  Sand  creek,  another  outcrop  occurs,  in  which  the 
sequence  is : 

XL  VL     Outcrop  on  Sand  Creek, 

FEET. 

4.  Limestone  shaly  (about  790  reet  A.  T.) l 

3.  Shale,  black l 

2.  Limestone l 

1.    Shale,  black,  fissile,  containing  large  calcareous  concretions  .. .     3 

Goal  is  said  to  lie  a  few  feet  below  the  base  of  this  out- 
crop and  to  have  been  mined  at  one  time.  It  is  reported  to 
be  about  two  feet  thick.  At  several  places,  within  a  short  dis- 
tance, sandstone  is  exposed  in  the  bank  of  the  creek,  lying  on 
a  thin  basal  conglomerate,  the .  latter  resting  on  limestone  in 
places,  and  at  one  point  a  heavy  conglomerate  about  15  feet 
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thiok  18  exposed,  made  up  of  limestone,  shale,  coal  and  sand- 
stODO  pebbles  and  lying  at  the  base  of  the  blaff.  It  is  overlain 
by  25  to  35  feet  of  sandstone,  apon  which  rests,  in  the  same 
outcrop,  a  bed  of  limestone.  The  sandstone  soon  disappears 
and  regnlar  limestones  and  shales  take  its  place. 

In  the  rest  of  this  township  and  that  part  of  Tp.  43  N.,  B. 
XXYI  W.,  which  lies  within  the  sheet  few  details  are  shown. 
A  large  nnmber  of  oatcrops  of  single  beds  of  limestone  occar. 
From  these  it  appears  that  the  section  of  the  small  area  would 
consist  of  two  or  three  limestone  beds,  three  to  eight  feet  in  thick- 
ness, separated  by  intervals  of  shales  and  soft  sandstones  and 
a  thin  bed  or  two  of  coal,  the  whole  making  up  a  thickness 
of  about  70  to  100  feet  above  the  coal  at  the  Kampe  mine. 

GBOLOGIOAL  FOBMATIONS. 

The  formations  exposed  within  the  area  of  the  sheet,  as 
shown  in  the  table,  are  five  in  number  and  belong  to  three 
periods  of  geologic  time.  They  represent  three  separate 
periods  of  submergence,  separated  from  each  other  by  periods 
of  emergence  and  subaerial  erosion. 

ORDOVICIAM. 

The  lowest  formation  exposed  within  the  area  probably 
belongs  near  the  base  of  the  Ordovician  system.  No  fossils 
have  been  foifnd  in  that  part  of  it  lying  within  the  limits  of  the 
sheet  or  near  it,  but  the  same  rocks  exposed  farther  southwest- 
ward  in  the  state  have  recently  been  shown  by  the  fossils  oc- 
curring in  them,  to  belong  to  the  Oalciferous.  The  exposed 
thickness  of  the  beds  within  the  Oalhoun  sheet  is  about  40 
feet.  They  consist  of  gray  and  drab  subcrystalline  and  earthy 
magnesian  limestones  and  calcareous  sandstones  carrying  chert 
in  masses  scattered  through  the  more  crystalline  varieties  and 
in  discontinuous  layers  between  the  beds  of  limestone.  The 
latter  are  often  separated  by  thin  seams  of  greenish  shale 
which,  in  the  more  earthy  phase  of  the  formation,  often  reach 
several  feet  in  thickness. 

The  chert  is  both  amorphous  or  chalcedonic  and  oolitic. 
The  latter  in  Missouri  is  apparently  confined  to  the  Ordovician 
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and  Oambrian  rooks,  sinoe  oarefal  searoh  has  failed  to  prove 
its  existence  in  the  Oarboniferoas.  It  occars  in  bedn,  nsnally 
oontinnons  over  a  considerable  area,  wliile  the  chalcedonic 
variety  occars  in  concretionary  masses  scattered  through  the 
limestone  and  in  thin,  nodular,  discontinuous  seams. 

The  uppermost  member  of  the  Oalciferous  series  within 
the  area  of  the  sheet  is  generally  a  limestone,  but  in  two  places 
at  least  it  is  a  friable,  coarse-grained,  white  or  saccharoidal 
sandstone.  The  latter  is  always  of  very  limited  geographic 
extent  and  appears  to  have  been  in  small  discontinuous 
patches  on  the  surface  of  the  Ordovician  land  when  it  was  sub- 
merged at  the  beginning  of  Carboniferous  sedimentation. 

CARBONIFEROUS . 

Misaissippian  Series, 

Kinderhook  Beds,  The  basal  members  of  the  Mississippian 
series  crops  out  only  on  Grand  river  in  the  southeastern  part 
of  area  and  on  the  lower  part  of  Tebo  creek.  Its  areal  ex- 
posure is  very  small.  It  consists,  within  the  limits  of  the 
sheet,  of  two  members ;  one,  the  Ohouteau  limestone,  and  the 
other  perhaps  the  representative  of  the  Louisiana  limestone. 
The  third  or  median  subdivision,  the  Hannibal  shale,  has  not 
been  recognized.  The  basal  member  consists  of  from  one  to 
five  feet  of  compact  bluish  white,  fine-grained,  thin-bedded 
limestone,  with  a  few  thin  seams  of  greenish  shale  between  the 
beds.  It  contains  abundant  pyrite  collected  in  spots,  scattered 
through  the  bed,  which  weather  out  leaving  the  surface  of  the 
rock  roughened  by  the  small  cavities  and  stained  by  iron  oxide. 
It  graduates  upward  into  the  shaly  bed  of  the  next  division 
without  any  sharp  line  between.    It  contains  very  few  fossils. 

The  limestone  regarded  as  the  Ohouteau  includes  about  10 
feet  of  shaly,  argillaceous  beds.  The  following  fossils  have 
been  identified : 

Syrlngopora  harveyl,  White, 
Syrlngothyrls  eztenaatus  (Hall), 
splrlfer  blpllcatus,  Uall. 
Atbyrls  hannlbaleiiBis  (Swallow) . 
Productella  pyzldata?  (Hall). 
Plectambonites  rhomboidalls  (Wllckens),  var. 
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None  of  these  forms  are  abandant.  Oriaoid  steins  occur 
bat  they  are  all  of  small  size  and  are  not  very  abandant. 

Augusta  Limestone,  The  formation  as  represented  within 
the  limits  of  the  area  includes  both  the  lower  and  upper  Bur- 
lington limestones. 

The  Lower  Burlington  consists  of  about  30  feet  of  bluish 
to  drab,  fine-grained,  compact  limestone,  carrying  abundant 
chert  in  nodules  and  in  thin  beds  between  the  strata.  The  lat- 
ter are  thin  and  irregular.  They  become  earthy  toward  the  bot- 
tom and  grade  imperceptibly  into  the  Chouteau.  At  the  top 
there  is  a  rather  abrupt  transition  to  the  overlying  beds.  Fos- 
sils are  not  abundant.  Oriaoid  stems  occur  in  the  limestone 
but  they  are  small.  These  beds  appear  to  belong  to  the  upper 
part  of  the  typical  Lower  Burlington,  as  exposed  at  Sedalia  and 
in  Boone  county,  the  lowest  part  being  absent. 

The  Upper  Burlington  beds,  within  the  district,  are  gray- 
ish or  whitish,  coarse-grained,  encrinital  limestones,  in  rather 
massive  beds,  carrrying  some  chert,  all  of  which  occurs  in  dis- 
continuous layers  between  the  limestone  strata.  These  rocks 
are  highly  fossiliferous.  From  the  lower  15  feet  the  followiug 
forms  are  obtained. 

Zaphrentls  dalei,  Edwards  and  Halme. 
Zaphrentls  tenella.  Miller. 
I'hysetocrlnus  ventrlcosus  ( Hall ) . 
spirlfer  grlmesl.  Hall. 
Splrlfer  forbesl.  Norwood  and  Pratten. 
straparollus  latus  ( Hall ). 

Higher  up  there  occur : 

Ort his  swallowl.  Hall. 

Productus  burllngtonensls.  Hall. 

Chonetes  lUlnolsensls,  Worthen. 

Streptorhynchus  crenistrla  ( Phillips ) . 

Athyrls  incrassatus.  Hall. 

Straparollus  robertl  (  Wlilte ). 

Capulus  equUateralls,  (  Hall. ) 

Pleurotoraaria  montezuma.  Wonhen. 

Igoceras  pabulocrlnus.  (Owen.) 

Granatocrlnus  norwoodl  ( Owen  and  Shumanl ) . 

Schlzoblastus  sayl.  Owen  and  Shumard.  ' 

Amplezas  fra gills,  White  and  St.  John. 

The  upper  sub-division  of  the  Augusta  formation,  the  Keo- 
kuk, does  not  occur.    Loose  chert  carrying  Keokuk  fossils  and 
G— 11 
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even  those  of  higher  horizons  of  the  Mississippian  series 
occurs  scattered  over  the  surface  on  the  tops  of  the  hills. 
The  drill-hole  at  the  Olinton  artesian  well  passed  through  about 
30  feet  of  chert  at  the  top  of  the  Mississippian  rocks,  which 
probably  belongs  at  the  top  of  the  Burlington.  The  higher 
formations  of  the  series  once  existed,  but  were  removed 
through  erosion  before  the  coal  measures  were  deposited. 

DeB  Moines  Series  (Coal  Measures.) 

Cherolcee  Shales.  The  lowest  strata  of  coal  measures 
within  the  area  of  the  sheet  are  grouped  together.  They  con- 
sist principally  of  sandstones  and  shales  with  impure  limerock 
of  small  geopraphic  extent  and  generally  only  a  foot  or  two  in 
thickness. 

The  base  of  the  subdivision  is  everywhere  a  coarse  and 
very  ferruginous  sandstone.  In  places  the  iron  oxide  is  so 
abundant  that  attempts  have  been  made  to  mine  it.  The  beds 
in  the  vicinity  of  Brownington  are  the  most  ferruginous  of  any 
within  the  area.  Occasionally  the  basal  beds  pass  into  a  con- 
glomerate the  pebbles  of  which  are  chert  and  the  matrix  sand 
with  ferruginous  cement.  These  layers  graduate  upward  into 
shale,  the  thickness  of  the  sandstone  being  very  variable.  In 
the  extreme  eastern  part  of  the  area  it  is  apparently  only  a 
very  few  feet  thick ;  a  coal  bed,  underlain  and  overlain  by 
shale,  lying  within  15  or  20  feet  of  the  Mississippian  limestones. 
Along  Deer  creek,  south  of  the  Owen  coal  shaft,  the  sandstone 
is  apparently  15  feet  thick.  The  higher  beds  are  not  altogether 
shales,  but  the  latter  alternate  with  thin  beds  of  sandstone. 

The  limerock  lenses  in  this  formation  are  usually  associa- 
ted with  beds  of  coal.  They  are  always  impure,  dark  in  color 
and  carry  abundant  fossils.  The  most  extensive  of  these  is 
the  one  associated  with  the  coal  at  the  England,  Avery  and 
Lake  mines.  The  most  abundant  fossils  ocuuring  in  it  are  the 
following : 

Splrifer  cameratus,  Morton, 
.splrlfer  perplexus.  McChesney. 
Productus  murlcatus.  Norwooil  and  Pratten. 
Productus  costatus,  Sowerby. 
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Productas  gplendens,  Norwood  and  Pratten. 

Prodactus  nebrascensls,  Owen.    . 

Streptorhynchus  crenlstrla  (Phillips) . 

Llngala.  sp.  und. 

Pecten  (large) . 

Sphsrodoma  prlmogenla  (Conrad) . 

Pleurotomarla  broadheadl.  White. 

Plant  remains  are  found  in  the  sandstones  and  shales  in 
the  southwestern  corner  of  the  area,  especially  in  the  latter. 
Fally  25  genera  and  nearly  100  species  are  represented.  The 
shales  associated  with  the  Jordan  coal  bed  are  famons  for  the 
abandance  and  excellent  state  of  preservation  of  these  fossils. 

The  only  limestone  of  wide  distribution  occurring  in  this 
subdivision  within  the  area  of  the  sheet  is  that  associated  with 
the  Tebo  coal  bed.  Its  eastern  boundary  is  shown  on  the 
topographic  map,  and  its  character  and  thickness  is  described 
elsewhere.  The  geographic  distribution  of  the  formation  is 
shown  on  the  physiographic  sketch  ( figure  9 )  it  being  coex- 
tensive with  the  area  of  the  Nevada  lowland.  It  probably  ex- 
tends southwest  beyond  the  limits  of  the  state,  and  possesses 
hydraulic  properties. 

Henrietta  Bede.  The  rocks  which  go  to  make  up  this 
formation  consist  of  limestones,  shales  and  sandstones  with  a 
predominance  of  shales.  Limestone  is  important,  though  the 
beds  are  not  so  thick  here  as  they  are  further  westward  along 
the  same  horizon.  Sandstone  is  poorly  represented.  One 
bed,  more  or  less  shaly,  lies  near  the  base  of  the  formation  in 
the  northern  part  of  the  sheet.  Its  thickness  is  less  than  25 
feet.  The  areal  extent  is  coextensive  with  the  Warrensburg 
upland  (figure  9). 

PLEI8TOCBNB. 

The  superficial  material  consists  of  soil  and  alluvium  with 
probably  a  thin  deposit  corresponding  to  the  loess  of  the  Mis- 
souri river  counties.  The  alluvium  is  confined  to  narrow  belts 
along  the  principal  streams.  There  are  two  benches,  repre- 
senting two  periods  of  formation  here  as  elsewhere  in  this 
part  of  the  state. 
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GEOLOGICAL  STRUCTURE. 
GBNBBAL  GONSIDBBA.TIONS. 

Within  the  area  of  the  Oalhonn  sheet  there  are  three  sets 
of  rocks,  the  resalt  of  three  periods  of  depo^itiou,  separated 
from  one  another  by  anconformities  which  represent  two  per- 
iods of  snbaerial  erosion. 

The  two  lower  systems  dip  northwestward  at  abont  the 
same  angle.  Within  the  Calhoun  area  they  are  conformable 
with  each  other  from  a  stractnral  point  of  view.  The  period 
of  erosion  which  intervened  between  the  times  of  their  deposi- 
tion was  one  of  slight  crnstal  movement  unaocompained  by 
deformation  of  the  strata.  The  sediments  are  all  open-sea  de- 
posits and  were  probably  nearly  horizontal  when  laid  down. 
The  present  northwestward  dip  is  dae  to  a  subsequent  tilting 
of  the  strata  in  that  direction. 

The  upper  rocks,  excepting  the  basal  beds,  lie  almost  hori- 
zontally. They  have,  however,  a  slight  northwestward  dip, 
the  strike  running  approximately  parallel  to  that  of  the  under- 
lying rocks  but  the  angle  of  dip  is  less.  There  is  therefore  a 
true  unconformity  between  these  beds  and  those  of  the  other 
two  sets.  This  is  due  partly  to  conditions  of  sedimentation 
and  partly  to  subsequent  crnstal  movements.  The  beds  were 
deposited  on  a  northward  or  northwestward  sloping  floor  of 
the  sea  and  consequently  had  an  inclination  corresponding 
closely  to  the  slant  of  the  surface  on  which  they  were  laid 
down.  Subsequent  warping  of  the  strata  of  the  Mississippi 
valley  whereby  there  was  a  greater  elevation  to  the  westward, 
gradually  dying  out  eastward  has  made  the  dip  less.  The 
eastern  border  of  this  series  of  rocks  is  near  the  boundary  be- 
tween two  centers  of  movement,  one  uplifting  the  Ozark  dome 
which  increased  the  original  westward  dip  of  the  rocks ;  the 
other,  the  fading  eastward  extension  of  the  uprising  of  the 
Rocky  mountains  and  the  great  plains,  tiltiog  the  latter  east- 
ward and  inverting  the  original  westward  drainage.  Both 
movements  are  probably  of  recent  geologic  date. 
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GEOLOaiOAL  OB08S-SEOTION8. 

The  cro88-8ectiOD8  shown  on  plate  vii  illnstrate  features 
of  the  geology  of  the  area  which  are  difficalt  to  make  clear  in 
any  other  way.  Each  is  located  on  the  topographic  map.  In 
section  A,  B,  0,  the  relations  of  the  upper  rocks  on  the  eastern 
and  western  sides  of  the  sheet  are  represented.  It  shows  the 
thinning  out,  eastward,  of  the  Tebo  coal  seam  and  its  associated 
rocks  and  the  replacement  of  these,  in  the  east,  by  sandstone. 
There  is  also  brought  out  the  fact  that  in  an  easterly  advancing 
sea  the  higher  deposits  retain  their  off-shore  character  farther 
in  that  direction  than  the  lower  ones. 

Section  D,  E,  F  illustrates  the  relation  of  the  Tebo  and 
higher  coals  of  the  northern  part  of  the  sheet  to  the  Jordan 
coal  and  others  of  similar  character  of  the  southern  part.  The 
upper  rocks  are  of  more  uniform  thickness  and  character  over 
considerable  areas.  The  lower  ones  change  rapidly  owing  to 
the  varying  conditions  prevailing  during  deposition. 

By  section  O,  H,  K,  L,  the  lower  Oarboniferous  strata  of 
the  southern  part  of  the  area  and  the  basal  beds  of  the  coal 
measures  are  represented  in  their  typical  development. 

UNOONFOBMITIES. 

By  unconformity,  as  here  used,  is  meant  the  relation  of 
two  sets  of  strata  one  overlying  the  other,  the  lower  one,  how- 
ever, having  been  elevated,  subjected  to  erosion  and  again 
submerged  before  the  upper  one  was  deposited  upon  it.  The 
strata  of  the  two  series  may  or  may  not  be  discordant,  depend- 
ing upon  the  deformation  to  which  the  lower  set  was  subjected 
before  the  upper  had  been  deposited.  Considered  in  this 
light  there  are  two  unconformities  within  the  area.  In  the 
first  one,  that  between  the  lower  Oarboniferous  and  Ordovician 
rocks,  there  is  no  marked  discordance  between  the  strata,  or 
it  is  so  slight  that  it  does  not  show  plainly  in  a  small  area. 

The  Ordovician  land  was  apparently  an  almost  dead  level 
plain  lying  near  sea  level.  The  submergence  was  widespread 
so  that  large  areas  went  under  water  at  once.    The  sea  ad- 
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vanced  rapidly  and  no  characteristic  shore  liae  deposits  were 
formed.  The  first  beds  were  open-sea  deposits  and  were  laid 
down  horizontally  upon  the  flat  sea-bottom. 

The  anconformity  of  the  coal  measures  upon  the  lower 
Oarboniferoas  manifestly  represents  a  marked  erosional  period, 
but  in  the  sabmergence  of  the  latter  rocks  the  basal  beds  of 
the  former  lie  in  a  different  attitude  upon  the  strata  beneath. 
The  advance  of  the  sea  over  the  lower  Oarboniferoas  land 
inaagorating  the  deposition  of  the  coal  measures  was  gradnal. 
The  lower  Oarboniferoas  land  was  higher  and  the  depression 
was  apparently  not  so  wide-spread.  It  commenced  somewhere 
northwest  of  the  area  under  consideration  and  progressed 
eastward,  the  sea  advancing  slowly. 

COAL  DEPOSITS. 

THB  GOAL  BBDS   OPBBATBD. 

Henry  connty  has  been  an  important  coal  producer  for 
many  years.  Its  mining  industry  began  with  the  oompetion  of 
the  Missouri,  Kansas  and  Texas  railroad.  At  first,  the  center  of 
the  industry  was  at  Lewis  station.  For  many  years  this  was 
one  of  the  most  important  coal-mining  localities  in  the  state. 
It  remained  so  until  the  "  Big  Ooal,"  or  Mammoth  bed,  the 
narrow  belt  of  thick  coal  which  crossed  the  railway  here,  was 
exhausted,  or  had  become  too  deep  or  too  far  from  the  rail- 
road to  be  worked  profitably.  Immediately  .afterwards  opera- 
tions began  on  the  next  overlying  bed,  the  Tebo  seam.  Work 
on  this  bed  has  continued  uninterruptedly  since,  though  not 
on  such  an  extensive  scale  as  before. 

With  the  building  of  the  Kansas  Oily,  Olinton  and  Spring- 
field and  the  Kansas  Oity,  Osceola  and  Southern  railroads,  in 
the  early  part  of  the  last  decade,  the  bulk  of  the  mining  in- 
dustry was  transferred  to  the  southern  part  of  the  connty. 
The  Jordan  coal  bed,  the  most  important  coal  deposit  of  the 
county,  soon  attracted  a  large  amount  of  capital.  Before  the 
building  of  the  railroads  very  little  mining  had  been  done  in 
this  bed  on  account  of  the  lack  of  transportation  facUities. 
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The  Missoari,  Kansas  and  Texas  railroad  does  not  tap  the 
areas  anderlain  by  this  bed  of  coal.  The  coal  miaini^  indastry 
of  this  district  has  been  improved  by  the  location  within  it  of 
two  large  clay-mannfaotaring  establishments,  which  consume 
considerable  quantities  of  fuel.  The  rest  of  the  oatpat  of  the 
mines  is  shipped  to  Kansas  Oity  and  intermediate  points.  The 
character  of  the  coal,  its  geological  occarrence,  its  geographical 
distribation  and  the  facilities  for  marketing  it  combine  to  make 
the  region  in  which  it  occars  an  important  mining  center. 

GBOGBAPHIOAL  DISTBIBUTION   OP  THB   GOAL  BBDS. 

The  principal  workable  coal  deposits  of  the  Oalhoan  area 
occur  in  two  separate  fields  in  different  parts  of  the  district. 
In  addition  to  these  two  rather  large  areas,  there  are  a  great 
number  of  small  basins  and  local  deposits  which  are  mined  in 
a  desultory  way  for  the  local  use. 

.  One  of  these  areas,  and  the  most  important  one  from  the 
point  of  view  of  present  development,  lies  in  the  southwest- 
ern corner  of  the  sheet.  It  is  part  of  the  area  underlain  by 
the  Tebo  coal  bed,  the  rest  lying  in  the  southeastern  corner 
of  the  Clinton  district.  Within  the  area  of  the  Oalhoun  sheet 
this  field  includes  the  mines  between  Deepwater  and  Brown- 
ington,  those  east  of  North  switch  and  those  running  north- 
ward from  the  latter  in  a  narrowing  belt  up  the  valleys  of  Goal 
and  Deer  creeks.  Within  this  area  might  also  be  included  the 
mines  located  on  Sparro  wfoot  creek :  the  England,  Like,  Neigh- 
bergerand  Avery. 

The  eastern  border  of  the  Jordan  coal  basin  enters  the  Cal- 
houn district  near  Brownington  and  runs  northward,  including 
the  mine  on  the  Goff  land,  thence  northward  between  Sparrow- 
foot  and  Deer  creeks,  up  to  the  latitude  of  Clinton,  where  it  thins 
out.  The  bed  is  not  continuous  over  the  aiea  included  within 
the  sheet  west  of  this  line  though  it  is  very  nearly  so.  Some 
outliers  may  also  occur  east  of  the  line. 

The  other  area  of  workable  coal  covers  a  large  part  of 
the  northwestern  part  of  the  sheet.  It  is  the  extension  of  the 
Tebo  coal  belt  of  the  Clinton  area,  but  here  it  covers  practi- 
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cally  all  the  northwestern  corner  of  the  sheet.  Its  southeast - 
em  border  coincides  with  the  line  of  the  Missouri,  Kansas  and 
Texas  railroad.  This  area  has  not  been  developed  so  exten- 
sively as  the  southwestern  one,  partly  on  account  of  the  char- 
acter and  thickness  of  the  coal  and  partly  owing  to  lack  of 
transportation  facilities.  There  are  no  means  of  shipping  coal 
from  this  area  except  from  a  narrow  strip  adjacent  to  the  rail- 
road on  the  southeast  border.  This  area  includes  two  persis- 
tent coal  beiis  both  of  which,  under  favorable  circumstances, 
may  be  worked. 

In  addition  to  these,  there  are  doubtless  many  pockets  and 
small  basins  similar  to  those  occurring  in  many  places  over 
the  eastern  part  of  the  area.  The  '^  Big  Goal "  at  Lewis  station 
was  not  mined  out,  but  was  followed  northwestward  into  this 
area  and  abandoned  on  account  of  its  increased  depth  and  the 
distance  from  the  railway. 

VERTICAL  DISTRIBUTION  OP  THB  COAL  BBDS. 

The  Jordan  coal  bed  is  geologically  the  lowest  within  the 
area,  or  at  least  it  is  lower  than  either  of  the  beda  in  the  north- 
western part  of  the  district.  Some  of  the  small  isolated 
basins  and  pockets  may  be  lower  but  the  probabilities  are  that 
they  are  not.  They  are  probably  very  nearly  on  the  same  hori- 
zon, but  separated  from  the  Jordan  seam  and  from  each  other 
by  inequalities  in  the  floor  on  which  they  rest.  The  Jordan 
coal  lies  only  a  very  few  feet  above  the  outcrop  of  the  lower 
Oarboniferous  limestones  and  in  the  southern  part  of  its  basin 
it  is  the  lowest  coal  in  the  productive  series. 

The  next  bed  above  the  Jordan  coal  is  the  Tebo  bed.  The 
vertical  distance  between  the  two  beds  is  50  to  100  feet.  The 
former  does  not  extend  beneath  the  area  covered  by  the  latter 
and  in  many  places  the  whole  thickness  of  the  coal  measures 
beneath  the  Tebo  coal  seems  to  be  no  more  than  100  feet. 

Above  the  Tebo  seam,  the  next  bed  is  the  Honey  Greek 
coal.  It  is  unimportant  at  present  as  a  coal-producer,  and  will 
probably  never  be  otherwise  on  account  of  the  thinness  of  the 
bed.     The  vertical  distance  between  the  Tebo  and   Honey 
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Greek  seams  is  about  50  feet.  This  is  the  hiprhest  bed  within 
the  district  which  is  thick  enough  to  mine.  There  is  another 
bed  or  two  above  this,  but  they  are  only  a  few  inches  in 
thickness. 

MINING  IN  THE  JORDAN  COAL  SBAM. 

The  Thompson  mine  is  located  one  mile  west  of  Browning- 
ton,  and  is  connected  with  the  Kansas  Otty,  Osceola  and 
Southern  railroad  by  a  long  switch.  It  is  40  feet  deep,  and  is 
equipped  with  steam-hoistiDg  machinery.  The  coal  seam  is 
about  3  feet  thick,  the  details  of  which  are  given  in  the  annexed 
cut  (figure  13).    About  twenty-five  men  are  employed.    The 

incheg     Qoal  is  partly  consumed  by 

Shale,  blue,  hard 30       ^,      _  ^.  ^.  .. 

the  locomotives  on  the  rail- 
Shale,  arenaceous 84     road  and  the  rest  is  shipped 

Coal 8     to   Kansas  City  and  inter- 

sbaie.  parting 8     mediate  points. 

coal 26        The  Dunlap  and  the  Stev- 

guj^ig  2     ens  mines  are  located  a  few 

Clay 12     hundred  feet  north  of  the 

Thompson  shaft.    The  same 

Figure  13.    Details  of  Coal  Bed  at  i_    j     ^         i.  i_    j       t»     i_ 

Thompson  Shaft.  .  bed  oi  coftl  IS  workcd.    Both 

are  drifts.  .  They  were  opened  out  from  strip  pits,  after  the 
amount  of  overlying  material  became  to  thick  too  be  taken  ofP 
economically,  and  after  the  shales  were  strong  enough  to 
form  a  safe  roof.    About  fifteen  men  are  employed. 

The  shaft  of  the  Central  coal  company,  formerly  known  as 
the  Keith  and  Perry  mine,  is  located  jost  on  the  west  line  of 
the  Calhoun  sheet.  The  same  coal  bed  is  worked  as  at 
the  Thompson.  It  is  60  feet  deep  and  is  equipped  with  good 
machinery.  About  seventy-five  men  are  employed.  The  de- 
tails of  the  coal  bed  are  the  same  as  at  the  Thompson  shaft. 
The  mine  is  connected  with  the  Kansas  Oity,  Olinton  and 
Springfield  railroad  by  a  switch.  The  output  is  consumed  at 
points  along  the  line  of  the  railway  and  at  Kansas  Oity.  It 
has  been  in  operation  for  several  years  and  is  one  of  the  best 
equipped  and  best  managed  mines  in  the  state. 
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The  Sheardon  mine  is  one  mile  west  of  BrowningtoD,  jast 
south  of  the  southwestern  corner  of  the  sheet.  It  is  40  feet 
deep  and  equipped  with  horse-power  hoisting  apparatus. 
About  twenty  men  are  employed.  The  ooal  is  shipped  over 
the  Kansas  Otty,  Osoeola  and  Southern  railway  to  local  points. 
The  North  Glint  on  shaft,  formerly  the  Woods  and  North  mine, 
is  located  a  short  distance  east  of  North  station  on  the  Kansas 
City,  Clinton  and  Springfield  railway  (Tp.  41  N.,  R.  XXVI  W., 
Sec.  23,  Sw.  qr. )  It  is  connected  by  a  switch  with  the  rail- 
way and  is  equipped  with  steam-hoisting  machinery.  During 
the  past  two  or  three  years  the  mine  has  not  been  worked 
continuously,  and  the  output  has  been  small.  The  details  of 
the  coal  bed  are  the  same  here  as  at  Deepwater  and  Brown- 
ington. 

An  analysis  of  coal  from  the  old  Jordan  mine  near  this 
shaft,  made  by  Ghauvenet,  showed : 

PKR  CBXT. 

Water 8.17 

Volatile  matter 42.18 

Fixed  carbon 46.36 

Ash  8.60 

Near  Grand  river  east  of  North  station  is  the  Herring  and 
Hess  mine,  probably  operating  in  the  Jordan  coal.  No  work 
is  done  during  the  summer.  Three  men  are  employed  during 
the  winter.  Three  miles  southeast  of  Glinton  are  the  Owen 
and  the  McLeod  shafts,  on  adjoining  tracts  of  land.  The  same, 
bed  of  coal  is  worked  in  both,  and  the  section  at  one  place  is 
the  same  as  that  at  the  other.  The  following  is  the  section  at 
the  Owen  shaft : 

Details  of  Coal  Bed  at  the  Owen  Shaft, 

INGHKS . 

5.    Shale,  argillaceous,  calcareous 12 

4.    Coal  (top  bench) 4 

3.    Clay  parting "^a 

2.    Coal  (bottom  bench) 19 

1.    Clay 12 

An  analysis  of  this  coal,  by  Ghauvenet,  shows : 

TOP.       MIDDLE. 

Water 8.30  7.14 

Volatile  matter 38.66  36. 9S 

Flxedcarbon 48.86  48.66 

Ash 5.86  6.10 
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This  Bhaft  is  25  feet  deep,  and  is  operated  by  horse-pow£r. 
Tlie  ontpnt  is  haaled  to  Glinton  and  is  ased  for  steam  and 
domestic  purposes.  Only  three  or  foar  men  are  employed. 
The  McLeod  shaft  is  also  26  feet  deep  and  has  horse-power 
hoisting  machinery. 

OPBBATIONS  IN  THB  TBBO  COAL  BBD. 

The  Tebo  coal  bed  is  the  next  higher  bed  above  the 
Jordan  seam,  that  is  continaoas  over  a  considerable  area. 
While  the  area  anderlain  by  it,  within  the  Galhoan  sheet  is, 
bat  little,  if  any,  larger  than  that  anderlain  by  the  Jordan  coal, 
yet  the  total  known  area  of  the  former  is  ranch  greater  than 
that  of  the  latter.  It  lies  at  a  varying  height  above  the  horizon 
of  the  Jordan  coal  thongh  the  average  for  the  area  under  con- 
sideration is  not  far  from  70  feet.  Its  thickness  is  not  so 
great  as  the  average  of  the  Jordan  bed,  though  it  is  much 
more  regular,  and  the  bedding  is  more  even.  It  is  closely 
associated  with  a  limestone  showing  the  prevalence  of  open 
sea  conditions  soon  after,  and  presumably  during  its  deposition. 

The  mines  operating  in  the  Tebo  coal  are  all  located  in  the 
northern  part  of  the  area,  and  the  principal  openings  are 
situated  on  the  Missouri,  Kansas  and  Texas  railroad.  The 
coal  is  very  uniform  in  thickness  in  all  the  mines.  It  is  over- 
lain generally  by  about  3  feet  of  shale,  and  that  in  turn  by  a 
limestone,  forming  a  good  roof.  The  thickness  of  the  seam, 
together  with  that  of  the  overlying  shale,  is  sufficient  to  give 
room  for  good,  high  entries.  The  detailed  section  of  the  coal 
bed  fails  to  show  any  persistent  slate  band,  but  there  are 
rather  numerous  pyritiferous  masses  of  shale  of  small  size  and 
lenticular  or  irregular  shape  scattered  through  the  bed.  These 
are  so  abundant  in  places  that  they  have  to  be  picked  out  in 
order  not  to  interfere  with  the  sale  of  the  product. 

The  Go-operative  mine  at  Lewis  station  is  a  shaft  75  feet 
deep,  equipped  with  steam-hoisting  apparatus,  and  connected 
with  the  Missouri,  Kansas  and  Texas  railroad  by  a  switch.  The 
coal  is  28  inches  thick.    About  twenty-five  men  are  employed. 
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Tbb  prodnct  of  the  mJDe  is  coneamed  at  variona  poiote  along 
the  railroad,  the  priDolpal  place  being  Sedalia. 

Ad  anal^aie  of  this  coal,  made  by  Robertson,  showa: 

UoUture E.es 

Volatile  matter 87.78 

Fixed  carboD  lis  19 

Aah 9,06 

One-balf  mile  nortb  of  tbe  Co-operative  abaft  ia  tbe  Pigg 
niiDe,  operating  in  tbe  same  bed  of  coal.  It  is  a  drift  opened 
OD  the  outcrop  of  the  eeam  in  the  soath  bank  of  Tebo  creek. 
Tbe  location  is  ebont  tbree-fonrtba  of  a  mile  from  the  railroad, 
bnt  its  prodaot  is  taken  to  the  cars  for  abipmeut  over  a  tram- 
way operated  by  borae-pover.  A  aectloa  of  the  coal  bed,  and 
tbe  aasociated  layers,  ia  shown  in  the  cat  below :  ( flgare  14 ). 
inchea.  The  Tebo  abaft,  in  the 

uni..toM."capr™:k"  ...16      gj^^^  g^„^  ig  abottt  Ij  mlleS 

Shale,   aroneceoQ*   and  __,i,   „«    t •-      .   •■-  t. 

pyrltlleroui,  grajr 18      nortn   01    LfCWlS   Station,      it 

ia  located  on  the  railroad. 

Shale,  black ,  nolle M      ,      .      , 

It  la  .55  feet  deep,  and  la 

coai.withito»-iDPhw-         equipped  with  steam-hoisting 

rite  band  near  mi<i<fie, ,  w     machinery.    Aboat  fifteen 

men  are  employed.  The  coal 

n^^'VCwhue  ,:-m,;:'  "     bed  baa  aboat  theaameobar- 

""     "■*■' "     acter  and  thickness  here  ae 

"^"  "the^mg  Dr?'t,*^°*'  ^"^  "  at  tbe  Cooperative  shaft. 
At  the  Ualhoan  mine,  formerly  known  as  tbe  Gedney 
shaft,  the  Tebo  coal  is  also  mined.  It  is  located  on  the  rail- 
road 1  mile  northeast  of  tbe  Tebo  mine,  Tbe  shaft  is  30  feet 
deep.  Hoisting  is  done  by  steam.  The  product  ia  partly 
oonanmed  by  locomotivea,  and  partly  "hipped  to  Sedalia  and 
local  points.    About  twenty  men  are  employed. 

The  Tebo  coal  ia  mined  in  two  or  three  amall  atiippings  on 
Tebo  creek  and  its  biancbea  west  of  Galhonn,  None  of  them 
are  worked  oontinuonsly.  They  are  opened  to  supply  local 
demands 
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MINES  OPBBATINa  IN  THB  HONBY  GBBBK  GOAL  BBAM. 

The  HoDey  Greek  coal  is  the  next  bed  above  the  Tebo  that 
is  mined.  Between  it  and  the  latter  is  a  thin  bed,  bat  it  has 
never  been  operated  at  any  place  within  the  limits  of  Henry 
connty.  The  Honey  Greek  coal  lies  about  50  feet  above  the 
Tebo  bed.  It  is  usaally  a  liule  more  than  I  foot  in  thickness, 
occasionally  reaching  18  inches.  It  is  of  excellent  qaality  and 
favorably  located  for  mining,  bat  it  is  usually  too  thin  to  com- 
pete with  the  thicker  beds  near  it. 

There  are  three  small  mines  within  the  area  which  are 
operating  in  this  seam.  None  of  them  are  worked  continuously. 
In  each  only  two  or  three  men  are  employed  during  the  winter. 

The  McElwrath  mine  is  near  Lewis  station.  It  is  a  drift 
run  on  the  outcrop  of  the  coal  bed.  The  section  at  the  mouth 
of  the  drift  is  : 

Section  at  MoElwrath  Drift. 

FBBT. 

3.  Shale 10 

2.  Goal , Ui 

1.  Clay 2 

At  a  drift  about  L  mile  northwest  of  Lewis  station,  which 
is  operated  on  the  same  coal  bed,  the  section  showed : 

Section  at  Drift  Northwest  of  Lewis. 

FKET. 

4.  Limestone,  shelly 3>i 

3.  Shale,  black 4 

2.  Coal 1 

1.    Clay 1 

The  Watkins  mine,  located  on  the  highland  2}  miles  south- 
east of  Galhoun,  is  operated  occasionally  during  the  winter. 
The  succession  of  layers  here  is  essentially  the  same  as  at  the 
McElwrath  mine  excepting  that  the  coal  is  thicker,  measuring 
about  2  feet. 

MINBS  OPBNED  IN   MINOB  GOAL  BEDS. 

There  are  several  small  mines  in  the  southern  part  of  the 
area  operating  in  seams  of  coal  which  cannot  be  correlated 
with  any  of  the  beds  having  any  considerable  areal  extent. 
They  are  all  considered  to  be  small  lenticular  beds  deposited 
in  local  depressions. 
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At  the  present  time  coal  is  being  mined  by  drifting  on  the 
oatcrop  of  the  bed  at  the  base  of  a  blaff  on  the  eastern  side  of 
Deer  creek  valley,  one-fourth  of  a  mile  north  of  the  MoLeod 
shaft.  The  coal  seam  is  overlain  by  a  bed,  more  or  less  con- 
tinuous, of  bituminous,  fossiliferons  limerook,  which  occurs 
often  in  concretions.  The  detailed  section  of  the  seam  is  said 
to  be  as  follows  : 

Details  of  Coal  Bed  at  Drift  north  of  MoLeod  Shaft. 

INCHBS 

5.  Coal  (top  bench) 16 

4  Shale  (parting) l 

8.  Coal  (middle bench) 4 

2.  Shale  (parting) 1 

1.  Coal  (bDttom  bench) 18 

The  product  of  this  mine,  as  well  as  that  from  the  McLeod 
mine,  is  consumed  at  Olinton,  and  in  the  neighborhood  of  the 
mine.    Both  mines  are  worked  during  the  fall  and  winter  only. 

The  Stockton  mine  is  on  the  Avery  land,  about  4  miles 
southeast  of  Olinton.    It  is  worked  during  the  winter  only. 
-The  bed  is  2  feet  thick. 

The  England  drift  is  on  the  adjoining  40-acre  tract  on  the 
north.  It  is  worked  during  the  winter.  It  is  opened  on  the 
outcrop  of  the  coal. 

The  Neigh berger  mine  is  on  the  same  section,  and  one-half 
mile  south  of  the  Stockton  mine.    It  is  also  a  drift  worked  at 
intervals  by  two  or  three  men.    The  section  is  as  follows: 

Section  at  Neighberger  Drift 

FJEET. 

8.    Llmerock 8 

2.  Shale,  argillaceous,  dark 1-6 

1.    Coal : 8 

One-half  mile  to  the  west  is  the  Lake  shaft,  which  has  not 
been  operated  for  several  years.  The  coal  in  the  four  mines 
last  mentioned  is  probably  the  same  bed.  It  may  also  be  the 
same  as  in  the  mine  on  Deer  creek.  If  so  it  lies  below  the 
Jordan  seam. 

The  Henry  shaft  is  one  mile  south  of  the  Neighberger 
mine.  It  is  20  feet  deep,  sunk  through  16  feet  of  soft  shale, 
and  3  feet  of  coal.    It  is  worked  by  two  or  three  men  at  in- 


Coal.. 
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terrale  to  sopply  the  local  demanda.    It  is  probably  operating 
ID  the  Jordan  seam. 

The  Gehart  mine  is  voiked  doring  the  greater  part  of  the 
year.  It  is  an  open  pit.  The  prodact  is  consumed  in  the 
vicinity.    The  section  is  shown  in  flgnre  16 : 

INCHES         The  Dnckworth  mine  is 

Hbaie  biack  is     Io«ated  2  miles  southwest  of 

Gaines  post-cfflce.    It  is  a 

Coat 24     stripping    and   is  operated 

only  dnring  the  1^11  and  win- 
ter.    It  is  working  in  the 
lowest  seam   of  tbe  coal 
measures,    probably  the 
equivalent    of   tbe   Jordan 
Fireclay..  .  iG     oo*!-     The    Jonmey  strip- 
Figure  16.  Section  at  Gehart  Fit.  piug  Is  located  6  miles  South- 
east of  Oalboan.    It  is  worked  by  one  or  two  men  at  iotervals. 
to  satisfy  the  local  demands.    It  is  also  on  the  lowest  bed  of 
tbe  coal  measares.    Tbe  equivalent  of  the  same  bed  is  worked 
in  section  36  ( Tp.  4 1  N.,  R.  XXI Y  W. }  in  a  stripping.    It  lies 
only  a  few  feet  above  the  lower  Carboniferous  rocks. 

The  Edwards  and  Minish  mine  is  operated  in  an  isolated 
basin  of  ooal  about  one  mile  north  of  Calhoun.  It  is  worked 
by  stripping  and  also  by  diifting.  The  product  is  consumed 
at  Oalbonn.  The  section  is  given  in  figure  17.  Tbe  whole  area 
underlain  by  this  bed  of  ooal 
OS  proved  by  drilling  is  very 
small.  The  shale  overlying 
is  soft,  making  it  somewhat 
difScnlt  to  mine  the  coal  ex- 
cepting in  open  pits. 


Sbale 

Coal 

Shale  aoa  clay... 


,  flMlle... 

The  Lewis  lens  of  coal. 

Coal  S6     tlie   "big  coal"   of   Henry 

ooouty  20  years    ago,    has 

already  been  described  as  a 

"""' belt  of   coal  of   lenticular 

Flguri:    17.     Section  ol   Coal    Bed  at        -.fnoo  Bsntinn      nnn«arin<r    t.A 

Edward*  end  MiDisii.  oross- section,   appeanug  lo 


176  OALHOUS  8HBST, 

be  &  filled  valley  of  erosiOD.    Several  yeara  ago  it  was  aa  im- 
portant aoaroe  o(  good  coal.    At  the  thictest  part  of  the  bed 
i!iCHE«.     jt  reached  6  feet.    The  belt 

sbaia,  black,  DiBiie 8     waa  80  narrow  and  worked 

npoD   it  waa  prosecated  so 
vigoroasly  that  it  was  soon 

*'"'' **     ezhaaated.    The  only  opera- 

tioDs  at  present  fa  this  bed 

are  at  three  or  foar  small 

^'"'^"" ^     strippinga  located  2i  milea 

Figure  IG.    Section  ot  Coal  Seam  at  .,         .      •   -r        <        ,   .■ 

tbe  Evani  Mine.  Bonthcast  of  Lewis  Btation. 

The  above  is  the  section  exposed  ( flgnre  15 ). 

CLAY  DEPOSITS. 

BXTBNT  AND   OHABAOTEB. 

The  clay  deposits  of  Henry  oonuty  are  among  the  most 
important  in  the  whole  state  and  form  the  fonndation  of  an  ex- 
tensive industry.  The  latter,  however,  is  located  in  great  part 
within  the  limits  of  the  adjoining  aheet.  Tbatpartof  itio  the 
area  tinder  consideration  ia  aitaated  chiefly  at  the  town  of  Oal- 
houn  where  pottery  is  manafactnred. 

The  beds  from  which  the  best  clay  is  obtained  are  mem- 
bers of  the  coal  meaenrep.  Many  of  the  shales  occariog 
with  the  sandstoQes  of  the  farmatioa  make  excellent  material 
for  brick,  tile  and  pottery.  Many  of  the  deposits  have  already 
been  located  and  deaoribed  in  connection  with  the  other  sec- 
tions of  Ifae  coal  measures.  In  the  Lake  shaft,  aboat  three 
and  one-half  miles  soatheast  of  Clinton  there  is  an  extensive 
foar-foot  bed  of  pottera  clay,  at  a  depth  of  only  seven  feet ; 
and  another  one  of  aboat  the  same  thickness  at  a  depth  of 
aboQt  40  feet.  The  shales  overlying  the  Jordan  coal  at  the 
Danlap  and  the  Stevens  strippings  one  mile  east  of  Deep- 
water  are  on  the  same  horizon  as  the  shales  which  are  nsed  at 
the  latter  place  so  extensively  for  sewerpipe.  That  the  de- 
posits are  equally  extensive  within  the  Oalhouu  area  ia  ahown 
by  the  exposares  which  ere  numerous. 
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The  shales  and  aoderclavs  of  the  coal  seams  afford  an 
abandance  of  good  material  for  making  good  stractaral  and 
paving-briok,  sewer-pipe  and  draintile.  While  none  of  them 
have  ever  been  utilized,  and  while  good  clay  oconrs  abundantly 
near  the  surface  where  it  can  be  obtained  very  easily,  it  is  prob- 
able that  most  of  these  clays  will  not  be  used  for  some  time. 
One  of  the  anderclay  seams,  the  one  worked  at  Oalhoun,  is  a 
good  fireclay  and  answers  admirably  for  all  ordinary  refractory 
purposes,  as  it  withstands  a  temperature  of  2,500^F. 

The  residual  clays  of  the  area  are  used  for  making  ordinary 
building  brick.  They  are  also  well  adapted  for  making  drain- 
tile.  The  supply  of  good  clays  for  nearly  all  purposes  is 
practically  inexhaustible,  and  the  easy  access  should  greatly 
encourage  the  development  of  the  deposits.  No  better 
locations  are  found  in  the  state. 

potters'  clay. 

The  most  extensive  deposits  of  potters'  clay  yet  developed 
in  the  entire  state  exist  within  the  Oalhoun  area.  At  the 
present  time  the  mining  of  clay  is  carried  on  most  actively  at 
Oalhoun,  where  are  situated  several  potteries.  Large  quanti- 
ties of  the  raw  clay  are  also  shipped.  The  annual  production 
is  about  5000  tons,  of  which  nearly  two-thirds  is  sent  into  south- 
west Missouri  and  into  Kansas. 

TALHOUX. 

This  locality  is  the  largest  producter  of  potters'  clay  in 
Missouri.  A  persistent  seam  of  the  clay,  ranging  from  3  to  4 
feet  in  thickness,  is  found  near  the  tops  of  the  hills  near  the 
town.  The  amount  of  stripping  necessary  is  usually  moderate 
so  that  it  can  be  cheaply  mined.  It  is  a  safe,  easy-working 
and  reliable  clay. 

The  results  of  a  careful  examination  of  the  deposits 
and  the  analyses  made  of  them,  together  with  the  notes, 
are  given  below.  The  sample  collected  to  represent  the  dis- 
trict was  an  equal  mixture  of  clay  from  the  Jegglin  and  from 
the  Hardin  pits.  It  had  the  following  physical  characteristics : 
G— 12 
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Oolor  dark  gray,  with  Blight  yellow  to  brown  iron,  stains. 
Textnre  massive,  compact,  aniform  and  very  fine-grained. 
Taste  lean  and  very  finely  gritty.  Slacked  rather  readily  to 
one-forlieth  to  one-tenth  of  an  inch  grannies.  Pyrite  was  not 
noticeable.  When  ground  to  20-mesh  and  mixed  with  16.5 
per  cent  of  water  it  made  a  plastic  paste  that  shrank  5.5  per 
cent  in  drying  and  2.2  per  cent  when  vitrified,  giving  a  total 
shrinkage  of  7.7  per  cent.  Briquettes  of  the  air-dried  mad 
gave  an  average  tensile  strength  of  150,  and  a  maximum  of 
168  pounds  to  the  square  inch.  Incipient  vitrification  occurred 
at  2,100''F.,  complete  at  2,300^  and  viscous  above  -^,500''.  It 
dried  rapidly,  but  required  slow  heating  to  avoid  checking.  It 
burned  to  a  compact,  gray  to  buff  body  when  vitrified. 
An  analysis  gave  the  following  results: 

PER  CENT. 

Silica ' 71.94 

Alumina 17  60 

•      Water 5.27 

Pesqulozlde  of  Iron 2.85 

Lime 0.62 

Magnesia 0.66 

Alkalies 1.51 

Total 99.85 

Total  flazlng  Impurities '.     5705" 

Specific  gravity  2. 84 

Jegglin  Clay  Pit  About  one-fourth  mile  north  of  Oalhoun 
is  the  Jegglin  bank  of  clay  from  which  about  1,500  tons  a 
year  are  shipped.  It  has  been  operated  for  12  years  on  a  roy- 
alty of  20  cents  a  ton,  and  the  clay  is  shipped  to  the  Jegglin 
potteries  at  Boonville  and  Galhoun.  The  clay  is  an  admirable 
stoneware  clay,  as  ii  takes  a  salt  glaze  well,  stands  rapid  dry- 
ing, gives  a  light  colored  ware  and  is  very  safe  working.  The 
following  is  the  section  exposed  at  this  bank  : 

Section  at  the  Jegglin  Clay  Pit. 

FEET. 

7.  Soil 1 

6.  Clay,  yellow 4 

5.  Shale,  greenish  gray,  soft,  and  fat 2 

4.  Sandstone,  red,  soft,  coarse-grained i 

K.  Shale,  red  to  black,  soft,  fat I2 

2.  Clay,  potters* 4 

1.  Sandstone,  shaly,  yellow,  coarse-grained,  (exposed  ) 1 
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The  potters'  clay  is  hard  and  massive  when  freshly  mined, 
seeming  to  be  rook  rather  than  clay ;  bat  on  exposure  to  the 
weather  it  slacks  completely  into  a  soft  plastic  mass.  It  is 
very  sandy  and  lean,  and  dark  gray  in  color.  There  are  oc- 
casional yellow  streaks  of  iron  along  the  joint  planes  especially 
where  there  is  no  overlying  shale.  The  over-barden  is  stripped 
off  from  the  clay,  which  is  then  loosened  by  blasting,  and 
hauled  in  wagons  to  the  railroad,  which  is  about  one-fourth  of 
a  mile  distant,  for  shipping.  The  clay  lies  about  level  or  with 
very  slight  roll. 

Littlepage  Clay  Bank.  This  pit  is  situated  one-half  mile 
north  of  Galhoun^and  one-fourth  mile  northwest  of  the  old 
Jegglin  pit,  of  which  it  is  undoubtedly  a  continuation. 
The  clay  is  similar  to  that  in  the  Jegglin  bank,  and  it  is  shipped 
to  the  potteries  in  the  southwestern  portion  of  the  state,  to 
the  extent  of  1,000  to  1,200  tons  annually.  The  following  is  a 
section  at  this  bank  : 

Section  at  the  Littlepage  Clay  Pit. 

FEET. 

7.  Sou 1 

6.    Olay,  red,  sandstone  and  gravel 2 

5.  Sandstone,  gray*  coarse-grained,  friable m 

4.  Sandstone,  Intermixed  with  shale 4 

8 .  Shale ,  drab  to  green ,  soft ,  fat ,  rich  In  Iron  concretions 8 

2.  Sandstone,  very  ferruginous S 

1.  Olay.  potters' 3 

Hardins  Bank  is  three-fourths  of  a  mile  north  of  the  town. 
The  clay  is  overlain  by  a  thin  seam  of  red  sandstone  that 
merges  into  iron  ore.  About  500  feet  south  of  the  pit  there  is 
a  lean  ore  that  will  assay  35.0  to  40.0  per  cent  of  iron.  This  is 
the  same  seam  as  exposed  at  the  Jegglin  bank,  throngh  the 
lower  portion  is  so  sandy  that  it  is  not  mined.  The  following 
is  a  section. 

Section  at  the  Hardins  Clay  Bank. 

PERT. 

6.  Soli,  sandy 1 

6.  Clay,  brown,  joint 2 

4.  Clay,  gray  to  brown 1 

8.  Sandstone,  ferruginous 1 

2.  Clay,  potters' .• 8 

1.    Sandstone,  yellow,  shaly  (exposed) l 
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Little  Clay  Bank.  Aboat  one  mile  north  of  Oalhoan  is  the 
Little  bank,  which  was  opened  in  1889.  It  prodacee  about 
1,000  tons  of  clay  a  year,  which  is  shipped  to  southwest  Mis- 
souri, and  as  far  as  Fort  Scott,  Kansas.  The  clay  is  similar  to 
that  in  the  Jegglin  bank  of  which  it  is  an  extension.  The 
following  is  a  section : 

Section  at  the  Little  Clay  Pit. 

FBKT. 

6.     Soil 1 

4.  Clay,  brown  to  gray i 

8.  Clay,  gray  (weathered  shale) 2 

2.  Iron  ore.  sandy  (with  hematite) K 

I.  Clay,  potters'  3>tf 

The  clay  also  outcrops  on  the  southeastern  edge  of  several 
hills,  and  occurs  in  the  crest  of  a  north  and  south  ridge. 

Mullin  Olay  Pit.  One-fourth  mile  east  of  Oalhonn  is  a 
clay  bank  which  has  only  been  a  small  producer,  with  a  total 
output  to  date  of  perhaps  500  tons.  The  upper  portion  of  the 
potters'  clay  seam  at  this  point  is  rather  fat,  dark  colored  and 
fine-grained,  while  the  lower  pdrtion  is  very  sandy,  hard  and 
light  gray  in  color. 

LEWIS. 

At  Lewis  station,  on  the  Missouri,  Kansas  and  Texas  rail- 
road (Tp.  4 J  N.,  B.  XXV  W.,  Sec.  9,  Sw.  qr.),  the  following 
section  is  shown  at  the  Oood  coal  mine  : 

Section  at  Oood  Coal  Mine. 

FJEBT. 

18.  Limestone,  yellow.  Impure .• 8 

17.  Shale,  sandy 6 

16.  Shale,  black,  laminated,  with  Iron- stained  concretions 2 

15.  Shale,  light  and  dark 8 

14.  coal 1^ 

13.  Fireclay •. 2Vx 

12.  Shale,  sandy 7 

II .  Sandstone,  flne-gralned 2Mi 

10.  Shale  and  sandstone  20 

9.  Shale, black 2^ 

8.  Sandstone  2 

7.  Shale,  black 4 

6.  Coal i}i 

5.  Shale,  sandy,  light-colored 9 

4.  Lime  rock,  hydraulic 1 

3.  Shale,  black ii^ 

2.  Coal 8>i 

1.  Clay,  potters' 2  to  .1 
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The  potters'  clay  mentioned  at  the  btuse  of  the  above  sec- 
tion is  probably  the  same  seam  as  that  worked  at  Oalhoan  and 
Olinton  and  is  an  excellent  qoality  for  stoneware. 

8HALBS. 

The  shales  of  the  coal  measures  are  admirably  adapted 
for  making  paving-brick,  sewer-pipe  and  building  brick.  The 
beds  are  continuous  with  and  fully  as  extensive  as  those  of 
the  adjoining  Glinton  district,  where  they  are  so  extensively 
developed.  In  fact  the  principal  places  at  which  the  shales 
are  worked  on  a  large  scale  are  just  outside  of  the  limits  of 
the  Oalhoun  area.  As  indicative  of  the  characteristics  of  these 
shales  the  following  results  are  given  of  a  careful  examination 
of  the  material  as  exposed  at  the  pit  of  the  Missouri  Olay 
company  situated  between  Deepwater  and  Brownington.  The 
section  is : 

Section  of  the  Missouri  Olay  Pit 

10.     soil 1 

9.    Loess fi 

8.    Olay.  Jointed,  brown  to  gray 6 

7.    Clay,  gray 2 

6.    Shale ,  yellow,  sandy,  coarsely  laminated 5 

5.    Coal iva 

4.    Clay,  potter's,  olive  to  buff,  shaly 8 

3.    Sandstone,  soft,  gray,  argillaceous 2 

2.    Shale,  soft.  gray,  fat 6 

1.    Shale,  black 6 

The  shale  l^o.  2  was  sampled  and  gave  the  following  re- 
sults: Oolor  bluish  to  light  gray,  with  abundant  yellow  to 
brown  iron  stains.  Texture  finely  laminated,  and  sandy  in 
streaks.  Taste  somewhat  lean,  and  occasionally  gritty. 
Slacked  slowly  but  almost  completely  into  granules  one-eighth 
to  one-fourth  of  an  inch  in  size.  Pyrite  was  not  noticeable  ; 
mica  scales  were  present  in  small  amounts.  When  ground  to 
20-mesh  and  mixed  with  21.0  per  cent  of  water  it  made  a  plastic 
paste  that  shrunk  5.7  per  cent  in  drying  and  4.0  per  cent  when 
vitrified,  giving  a  total  shrinkage  of  9.7  percent.  The  dried 
mud  had  an  average  tensile  strength  of  134,  and  a  maximum 
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of  140  pounds  to  the  sqaare  inch.  Incipient  vitrifloation 
occurred  at  l^OO'^F.,  complete  at  2,000^  and  viscous  above 
2,200^  It  dried  rapidly  and  heated  withoat  cracking,  and 
burned  to  a  compact,  strong,  dark  red  body.  It  is  well  adapted 
for  paving-brick,  sewer-pipe  and  terra  cotta. 

A  chemical  analysis  gave  the  following  results: 

PBR  CENT. 

Silica 68.64 

Alomlna 18.49 

Combined  water 4.62 

Iron  sesqaloxlde 8  1*8 

Lime 1.03 

Magnesia 0.88 

Alkalies 2.87 

Total 99.25 


Total  fluxing  impurities 7.76 

6  peclflc  gravity 2.32 

On  the  Kirk  land  (Tp.  41  N.,  R.  XXVI  W.,  Sec.  24,  Ne. 
qr.)  a  bed  of  bine  shale  33  feet  thick  occurs  at  a  depth  of  25 
feet.  On  the  Forman  place  ( Tp.  42  N.,  B.  XXV  W.,  Sec.  32 ) 
is  the  following  section : 

Section  on  the  Forman  Land. 

FBBT. 

7.     Soil 3 

6.    Fragments  of  sandstone  and  fosslUferous  limestone 2 

B.  Shale,  blue,  argillaceous,  grltless,  grades  upward  into  a  soft, 
whitish,  very  plastic  clay*  probably  a  result  of  decomposition. 
It  carries,  near  the  top  a  bed  of  ochre  and  concretionary  limo- 

nlte ,  which  varies  in  thickness  from  4  to  12  inches 4 

4.    Coal ^i 

3.    Glay .  sandy,  pyrltiferous,  seam  of  sillclous  iron  ore  at  the  top. . .  l 

2.    Shale,  argillaceous,  black,  soft,  pyrltiferous ? 

1.    Clay,  plastic,  potters*  (exposed) 1 

BBIGK-GLAYB. 

Besides  the  shale  which  can  be  used  for  the  manufacture 
of  ordinary  brick  there  is  an  abundance  of  alluvial  clays  that 
are  suitable  for  this  purpose.  As  yet  they  are  used  at  only 
one  point,  the  town  of  Calhoun,  where  one  yard  is  in  operation. 
It  supplies  not  only  the  town  but  all  the  neighborhood. 

FIBBOLATS. 

There  is  little  demand  for  refractory  products  as  yet  from 
the  Oalhoun  district  and  consequently  little  development  of 
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the  clays  snitable  for  this  parpose.  There  are  abundant  good 
clays  saitable.  The  nnderolays  of  the  coal  seams,  which  in 
other  parts  of  the  state  are  often  not  adapted  on  account  of 
their  yielding  at  low  temperatures,  in  the  Oalhonn  area  are  cap- 
able of  resisting  very  high  degrees  of  heat,  or  2,300""  to  2,500"" 
F.,  the  usual  minimum  limits  for  refractory  wares. 

OLA.Y  INDUSTRY. 

The  clay  industry  of  the  area  is  centered  at  Calhoun.  The 
clay  is  mined  in  the  neighborhood  and  manufactured  into 
stoneware  and  brick.  Clay  is  also  mined  for  shipment  and  for 
use  at  local  factories  elsewhere.  It  is  shipped  to  Glinton, 
Boonville,  Oarthage  and  Deerfield,  Missouri,  and  to  Ft.  Scott, 
Kansas. 

There  are  Ave  potteries  in  Oalhonn,  one  operated  by 
steam  power  and  four  by  horse  power.  The  combined  product 
in  1891  was  525,000  gallons  of  stoneware.  Sixty  men  are  em- 
ployed.   The  ware  is  of  excellent  quality  and  finds  ready  sale. 

There  is  also  one  brick  yard  at  Oalhoun  at  which  eight 
men  are  employed.  About  300,000  brick  were  manufactured 
in  1804. 

BUILDING  STONES. 

The  building  stone  industry  has  not  been  developed.  The 
only  local  demand  for  stone  of  any  kind  has  been  for  rough 
foundations,  cellar  walls  and  chimneys. 

The  stones  used  for  these  purposes  over  the  greater  part 
of  the  district  are  the  coal  measure  limestones  and  sandstones. 
The  thin  sandstone  beds  interbedded  with  the  lower  part  of 
the  coal  measure  shales  often  furnish  a  stone  jnst  thick  enough 
to  be  easily  quarried  and  handled. 

The  limestone  capping  the  Tebo  coal  makes  an  excellent 
foundation  stone.  It  is  easily  quarried,  is  just  thick  enough 
to  be  easily  handled  and  is  very  dnrable  when  not  exposed  to 
heavy  freezing,  when  it  is  liable  to  fracture  into  conchoidal 
blocks.  It  is  too  dark  to  make  a  beautiful  architectural  stone 
and  is  not  abundant  enough  to  become  of  much  importance. 
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It  18  merely  a  convenient  stone  for  looal  ase  for  foundations, 
cellars  and  chimneys. 

The  Barlington  limestones  of  the  soatheastern  comer  of 
the  sheet  are  probably  the  most  valuable  bailding  stones  within 
the  area  but  as  yet  it  has  not  been  qaarried.  The  fact,  however, 
that  it  belongs  to  the  same  formation  and  is  of  the  same 
character  and  appearance  as  the  rock  in  some  of  the  best 
quarries  of  the  state  makes  it  reasonably  certain  that  it  would 
be  equally  valuable  if  quarried. 

LIME. 

The  Burlington  limestone  of  the  Calhoun  sheet  is  well 
suited  to  be  burned  into  a  white  lime  of  the  best  quality. 
There  is  probably  no  better  rock  for  this  purpose  in  the  state. 
It  is  easily  quarried,  abundant,  favorably  located  for  kilns,  is 
easily  burned  and  has  an  abundance  of  fuel  near  at  hand ;  but 
very  little  has  been  used  for  this  purpose. 

The  limestone  overlying  the  Tebo  coal  has  long  been  con- 
sidered, from  its  character,  to  be  a  good  material  for  manu- 
facture into  hydraulic  cement  but  it  is  not  extensive  enough  to 
base  a  large  industry  upon.  The  other  rocks  of  the  coal 
measures  of  the  area  are  too  impure  to  afford  a  white  lime  of 
good  grade. 

SANDS. 

Sands  suitable  for  building  purposes,  excepting  that 
obtained  by  crushing  the  sandstones  of  the  coal  measures  are 
not  abundant.  There  are  no  glacial  deposits  as  in  the  more 
northern  districts  of  the  state,  which  furnish  excellent  material 
of  this  kind.  Sand  beds  do  not  exist  at  all  in  the  bed  of  Grand 
river.  What  is  carried  into  it  by  the  streams  from  the  sand- 
stone areas  is  mixed  with  a  great  deal  of  clay  from  the  softer 
beds  making  a  mud  deposit  which  lines  the  channel.  The 
same  is  true  to  a  considerable  extent  with  regard  to  the  other 
creeks  of  the  area.  Tebo  creek  has  some  beds  which  do  not 
carry  as  much  clay  as  those  in  Grand  river,  yet  it  has  too 
much  to  allow  the  sand  to  be  utilized. 
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The  sandBtones  of  the  coal  measures  when  crashed  far- 
nish  a  coarse  red  sand  that  is  used  to  some  extent. 

ROAD  MATERIALS. 

Within  the  area  of  the  sheet  there  is  an  abundance  of 
Rood  road  material.  It  is  of  three  kinds :  Stone,  gravel  and 
clay. 

Stone.  The  limestone  beds  of  the  lower  Garboniferons 
rocks  of  the  southern  part  of  the  area  constitnte  an  inexhanst- 
able  supply  of  good  material  for  macadam.  It  occurs  in  steep 
high  bluffs  along  Grand  river  and  Tebo  creek  where  it  could 
be  quarried  very  cheaply.  The  various  limestone  beds  of  the 
coal  measures  of  the  area  afford  a  very  good  stone  for  mac- 
cadam  also.  The  beds  are  not  thick  so  that  to  get  a  large 
amount  would  necesBitate  working  over  a  large  area  of  country, 
but  on  the  other  hand  they  occur  on  the  prairie  where  the  fa- 
cilities for  easy  transportation  are  good.  The  bed  overlying 
the  Tebo  coal  is  excellent  for  the  same  purpose.  That  lying 
about  20  feet  above  the  Spangler  coal  is  also  good.  While  of 
not  so  good  a  quality  as  the  Tebo  bed,  it  occurs  in  a  much 
heavier  bed,  making  the  cost  of  obtaining  it  less. 

OraveL  Good  gravel  is  not  abundant  within  the  area. 
It  occurs  in  small  beds  on  the  tributaries  of  Grand  river  in  the 
southeastern  corner  of  the  area,  within  the  limits  occupied  by 
the  lower  Carboniferous  rocks.  The  beds  on  the  river  contain 
too  large  a  proportion  of  silt  brought  down  from  the  soft  shales 
of  the  coal  measures  to  make  them  valuable  for  road-making. 

Burnt  Clay.  Within  the  last  few  years  some  railways  in 
the  state  have  adopted  the  use  of  burned  clay  for  ballasting. 
It  is  also  well  adapted  for  highway  purposes.  Of  the  gumbo 
clays  from  which  it  is  made  the  Oalhoun  area  has  a  great 
abundance.  The  alluvial  deposits  of  the  creek  bottoms  furnish 
large  supplies.  In  addition  the  shale  beds  of  the  coal 
measures  can  also  be  used.  The  old  dumps  around  coal  mines 
supply  large  quantities  of  clay  which  has  been  thoroughly 
burnt  and  each  mine  would  supply  sufficient  material  for  the 
roads  for  a  considerable  distance  in  all  directions.    In  localities 
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where  barnt  clay  has  been  properly  ased  for  roads  it  has  g\ven 
good  satisfaction.  It  packs  well,  does  not  become  plastic  and 
forms  a  hard  smooth  sarface.  The  ase  of  this  material  is 
probably  the  solution  for  good  roads  when  stone  and  gravel  are 
not  to  be  had  cheaply. 

WATER  SUPPLY. 

Wells.  The  natural  water  supply  of  the  area  is  drawn 
from  three  sources :  wells,  springs  and  sarface  streams.  The 
greater  part  of  the  supply  for  domestic  purposes  is  derived 
from  wells.  While  the  shale  beds  are  generally  impervious, 
there  exist  in  them  thin  sandy  layers  at  frequent  intervals 
which  are  generally  water-bearing.  Abundant  supplies  of 
good  wholesome  water  are  usually  found  at  a  depth  of  less 
than  40  feet  In  the  areas  of  lower  Carboniferous  rocks  the 
wells,  are,  as  a  rule,  deeper.  Many  of  them,  however,  reach 
only  to  the  bottom  of  the  residual  cherty  clay  where  water  is 
usually  found  on  the  surface  of  the  solid  rock.  The  well  water 
of  the  area  generally  carries  a  considerable  percentage  of  car- 
bonate of  lime  in  solution.  This  is  especially  true  of  the  wells 
located  in  the  lower  Carboniferous  rocks  and  those  in  the 
shales  and  limestones  of  the  coal  measures.  The  wells  in  the 
sandstone  belt  of  coal  measures  carry  a  much  smaller  per- 
centage of  lime.  These,  however,  often  have  a  small  percentage 
of  iron.  One  of  these,  the  Jordan  well,  is  located  three  miles 
southeast  of  Clinton  (Tp.  41  N.,  B.  XXV  W.,  Sec.  18,  8w.  qr.). 
The  water  is  a  weak  chalybeate.  It  comes  from  the  basal 
sandstones  of  the  coal  measures  which  are  here  overlain  by 
several  feet  of  shales.  The  weak  flow  is  due  to  the  fact  that 
the  sandstones  come  to  the  surface  a  few  miles  east  of  the 
area  at  about  the  same  level  as  the  top  of  the  well. 

Springs.  From  an  economic  point  of  view  springs  are  of 
little  importance.  A  considerable  number  are  scattered  over 
the  area  but  they  are  all  small  and  the  greater  part  of  them 
are  not  used.  Within  the  area  of  the  coal  measures  they  occur 
frequently  as  simply  marshy  places  at  the  outcrops  of  an  im- 
pervious bed  of  shale.    As  a  rule  they  cease  to  flow  in  the 
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sammer  and  aatamn.  Many  of  the  wells  of  the  county  are 
dag  in  these  plaoes.  The  water  is  generally  unpalatable  from 
the  amount  of  iron.  In  the  limestone  area  of  the  southern  and 
southeastern  parts  of  the  sheet  a  fews  prings  occur.  The  area 
of  these  rooks  within  the  sheet  is  too  small  to  collect  much 
water. 

There  are  three  springs  within  the  area  which  have  some 
note  as  mineral  springs.  The  waters  from  them  belong  to  the 
chalybeate  group  of  mineral  waters.  The  Peeler  spring  is 
about  one-half  mile  southeast  of  Oaines  postoffloe,  on  Pretty 
Bob  creek  ( Tp.  40  N.,  R.  XXV  W.,  Sec.  2,  Se.  qr. ).  It  flows 
out  at  the  foot  ol  a  bluff  of  coal  measure  sandstone.  It  is  di- 
rectly at  the  juncture  between  the  lower  Carboniferous  lime- 
stone and  the  coal  measures.  The  water  has  a  slight  alkaline 
taste  and  forms  a  slight  deposit  of  iron  in  its  channel.  The 
flow  is  rather  weak. 

The  Sand  Greek  spring  is  situated  on  a  branch  of  Sand 
creek  four  miles  north  of  Lewis  station  (Tp.  43  N.,  R.  XXV 
W.,  Sec.  28,  Sw.  qr. ),  It  is  found  in  a  picturesque  valley  with 
sandstone  bluffs  on  either  side.  There  are  here  two  springs 
emerging  from  the  sandstone,  but  the  one  sampled  is  more 
important  on  account  of  its  greater  flow  ( perhaps  between  50 
and  100  gallons  an  hour).  The  iron  contained  in  the  water  is 
rapidly  oxidized  and  is  found  in  the  spring  and  along  its  course 
as  a  brown  sediment.  It  often  forms  on  the  surface  of  the 
spring  as  an  irridescent  scum  which  is  frequently  mistaken  for 
oil.  The  water  is  said  never  to  freeze,  even  in  the  coldest 
weather.    An  analysis  of  the  water  by  Woodward  is  as  follows : 

Analysis  of  Water  of  Sand  Creek  Spring, 

GRAINS  IN  GALLON.       GRAINS  IN  LITER. 

Silica  (SIO2) 1.0748  0.0184 

Alumloa  (AI2O3) 0.0934  00016 

Ferric  oxide  (FejOs) 0.1233  0.0021 

Lime  (CaO) 8.7499  0.0642 

Fotassa  (KjO)  2  9789  0.0510 

Sulphur  trloxlde  (SO3) 1.1624  0  0199 

Chlorine  (Cl) 0.2862  0  0049 

Carbon  dioxide  (OO2) 10.6656  0.1828 

Water  In  combination  (H2O) 2. I8I6  0.0374 
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Oxygen  (O) .  23  8982  0.4091 

Mineral  matter 0.0642  O.OOil 

23.8290  0.4060 

Fixed  residue 16.8146  0.2793 

Specific  ffravlty  l  0000 

Uoited  aB  follows: 

GRAINS  IN  OAIXON. 

Silica  (8IO2)  ..^ 10748 

Alumnla  (AljOg) 0.0934 

Ferrous  bicarbonate  (FeH2(C08)2) 0  2743 

Calcium  bicarbonate  (CaH)i(C08)s) 10.8479 

Magnesium  bicarbonate  (MgH2(OOs)2) 6.7S64 

Potassium  bicarbonate  (KH(OOs) 2.6541 

Potassium  sulphate  (K29O4) 2  5360 

Potassium  chloride  (KOI) 0.5798 

Mineral  matter 23.8167 

Oxygen  for  Fe  O 0 .0128 

Streams.  The  gfreater  part  of  the  area  is  well  sapplied 
with  water  of  very  good  qaality  from  the  streams.'  The  sapply 
from  Orand  river  is  abandant  and  never  failing.  In  periods 
of  protracted  dronth  the  water  becomes  slightly  mnddy  bat 
there  is  always  enough  cnrrent  to  keep  it  from  becoming  stag- 
nant. The  whole  of  the  northern  and  northeastern  parts  of 
the  area  are  supplied  byTebo  creek  and  its  nameroas  branches. 
Since  it  drains  an  area  of  limestones  and  sandstones  with  a  re- 
latively small  proportion  of  shales  its  water  is  clear  and  its  bed 
sandy  rather  than  mnddy.  The  western  part  of  the  sheet  is 
well  supplied  by  several  creeks. 

SOILS. 

The  soils  of  the  area  are,  as  a  whole,  fairly  productive. 
Nearly  the  whole  area  is  capable  of  cultivation.  The  soils  are 
both  residuary  and  transported,  the  former  constituting  by  far 
the  larger  portion.  They  cover  the  whold  area  excepting  a 
small  strip  of  alluvial  land  adjacent  to  the  streams.  In  the 
area  of  the  adjoining  Clinton  sheet  there  appears  to  be  a  thin 
deposit  of  transported  material  extending  over  the  lower  por- 
tions of  the  npland  adjacent  to  the  larger  streams.  It  is,  per- 
haps, the  equivalent  of  the  loess  along  the  Missouri  river. 
Nothing  of  this  kind  is  noticed  along  the  Grand  river  within  the 
Oalhoun  sheet,  though  the  area  over  which  the  water  might 
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have  spread  at  the  time  of  the  deposition  of  the  loess  was  so 
small  and  the  slopes  so  steep  that  not  mach  room  for  deposi- 
tion was  given  and  less  chance  for  its  being  preserved  on  the 
steep  slopes.  There  is  no  sign  of  it  along  the  middle  course 
of  Tebo  creek. 

The  alluvial  soils  necessarily  contain  the  same  ingredients 
as  the  residnary  soils  since  they  were  derived  from  the  same 
beds  as  the  latter  and  diffdr  from  them  only  in  being  a  more 
complete  mixture  of  the  various  constituents  of  rocks  of  the 
area  than  could  be  effected  without  the  aid  of  water.  The 
transported  soils  are  not,  therefore,  foreign  soils,  and  even  if 
it  should  be  proved  that  there  is  a  deposit  tliat  corresponds  to 
the  loess  there  is  not  much  probability  of  any  necessity  of 
calling  it  foreign,  sioce  the  probabilities  are  that  it  was  derived 
from  the  rocks  of  the  Orand  river  drainage  basin  and  not  from 
the  product  of  the  glacial  mill.  The  alluvial  ( transported ) 
soils  are,  when  well  drained,  very  productive,  yet  on  account 
of  their  limited  area  they  are  of  little  importance. 

The  residuary  soils  are  the  result  of  the  decompositon  of 
the  rocks  in  place.  It  is  not  to  be  inferred,  however,  that 
even  here  the  various  elements  of  the  rocks  of  the  area  are 
not  more  or  less  mixed  together.  The  soil  now  covering  an 
area  of  sandstones  is  not  solely  the  result  of  the  decomposition 
of  sandstone,  but  owing  to  the  slow  but  constant  creep  of  the 
soils  it  is  tolerably  well  mixed  with  materials  from  higher  areas 
and  further,  the  present  soil  is  the  result  of  the  wasting  away 
of  probably  many  feet  of  rock  that  originally  overlay  the  rocks 
now  lying  beneath  the  soil.  These  may  have  been  of  widely 
different  composition  both  from  the  present  county  rock  as 
well  as  among  themselves.  The  soil,  therefore,  of  an  area  may 
be  considered  to  contain  material  derived  from  many  different 
kinds  of  rocks,  although  it  is  a  so-called  residuary  soil.  Re- 
siduary soils  are,  however,  generally  characterized  by  a  pre- 
dominance of  tne  elements  of  the  rock  on  which  they  lie.  A 
large  part  of  the  residuary  soil  of  the  Oalhoun  area  is  sandy. 
It  is  easily  tilled  and  gives  a  fair  return  for  the  labor  spent. 
In  some  places,  where  shales  are  the  underlying  country  rock, 
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the  soil  is  too  close  and  heavy  to  make  a  first-rate  soil  for 
tillage  bat  excellent  grass  is  grovn.  The  sarface  relief  is 
safflcient  to  give  good  sarface  drainage  and  with  care  these 
can  be  made  good  soils.  The  covering  of  the  highlands  of  the 
northwestern  part  of  the  sheet  contains  a  considerable  pro- 
portion of  lime  in  its  composition.  They  are  good  grain  and 
grass  prodacers,  and  respond  liberally  to  fertilizers. 

FORESTRY. 

A  large  part  of  the  area  was,  at  the  time  of  early  settle- 
ment, a  smooth  prairie.  Laxarient  grasses  grew  six  feet  or 
more  in  height.  When  these  became  dry  in  the  antamn  they 
burned  with  such  fierceness  that  no  yoang  timber  coald  gain 
a  foothold.  Along  the  streams  where  the  land  was  more  rag- 
ged and  where  greater  dampness  prevailed  the  fires  were  less 
destractive.  These  strips  famished  aboat  the  only  places 
where  timber  grew.  In  some  localities  not  in  the  creek  bot- 
toms where  the  land  was  too  ragged  or  the  soil  not  of  the 
kind  to  grow  sach  laxuriant  grasses,  trees  started  bat  these 
areas  where  small.  At  present  the  timber  is  confined  to  the 
neighborhood  of  the  creek  bottoms  or  to  areas  of  land  unfit 
for  caltivation.  Aroand  the  head-waters  of  Tebo  creek  are 
oak  groves  of  considerable  size,  bat  the  trees  are  all  small.  A 
large  part  of  them  have  grown  np  since  the  settlement  of  the 
coanty. 

Nearly  the  whole  area  over  which  lower  Oarboniferoas 
rocks  are  exposed  at  the  sarface  is  covered  with  yoang  oak. 
It  is  too  small  to  be  valuable  for  lumber.  Originally  there 
were  some  large  trees  in  this  part  of  the  area  but  they  have 
been  nearly  all  cut  out.  In  Orand  river  bottom  there  are  some 
large  sycamores  and  elms.  In  the  bottoms  of  the  small  streams 
in  the  prairie  are  some  cottonwoods,  though  they  are  not  abun- 
dant. 

On  the  cherty  hills  adjacent  to  Orand  river,  black  oak  is 
the  predominate  growth ;  a  few  scattered  white  oaks  and  post- 
oaks  occur,  with  here  and  there  a  few  red  oaks  on  the  hillsides 
where  there  is  an  accumulation  of  soil  in  cool  damp  places. 
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On  the  very  sandy  or  cherty  soils  of  the  prairies  near  the  base 
of  the  ooal  ineasnres  are  occasional  groups  of  black  jack-oak, 
with  now  and  then  a  solitary  tree  scattered  over  the  fields.  On 
the  prairies  where  the  soil  is  less  sandy  and  more  fertile  an  oc- 
casional elm  occars. 

Toe  principal  trees  and  shrabs  of  the  area  are :  Black  oak, 
black  jack-oak,  barr  oak,  white  oak,  red  oak,  post-oak,  pin-oak, 
maple,  hickory,  cottonwood,  ash,  hackberry,  walnut,  cherry, 
sycamore,  box  elder,  plam,  haw,  sassafras,  samao,  baokeye, 
locast,  red-bud  and  willow. 
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LEXINGTON   SHEET. 


INTRODUCTION. 


ABE  A.  AND  LOOAIION. 

The  area  covered  by  the  Lexin^fton  sheet  lies  in  Lafayette 
and  Bay  coanties,  and  is  named  from  the  city  of  Lexin£;ton^ 
the  connty  seat  of  the  former,  and  the  largest  town  of  the  dis- 
trict. The  areaoovered  is  qnadrilateral  in  shape,  being  15'  ex- 
tent in  latitnde  and  longitude,  and  embraciog  about  231  square 
miles.  It  is  boanded  by  the  lines  38"^  45'  and  39^  north  latitude, 
and  93°  45'  and  94°  longitude  west  of  Greenwich. 

Its  position  in  the  state  is  northwestern.  The  Missouri 
river  flows  eastward  through  the  northern  part  of  the  area,  its 
wide  floodplain  being  a  very  prominent  topographic  feature, 
as  well  as  an  important  economic  one.  Its  relations  to  the 
county  lines  are  ehown  in  the  accompanying  sketch  ( figure  18.) 


Figure  18.    Poflltlon  of  the  Lexlagton  Area. 
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All  that  part  of  the  area  lying  sonth  of  the  Missoari  river 
is  in  Lafayette  ooanty  ;  the  rest  is  in  Bay.  The  soathern  side 
of  the  sheet  is  about  6  miles  north  of  the  soathern  boundary 
of  the  first  named  coanty.  Its  western  boundary  about  6  miles 
east  of  the  Jackson  coanty  line,  its  northern  boundary  is  in 
the  southern  part  of  Bay  county  and  is  the  same  as  the  south- 
ern boundary  of  the  Bichmond  sheet;  while  its  eastern 
boundary,  which  is  also  the  western  boundary  of  the  Higgins- 
ville  sheet,  runs  north  and  south  near  the  middle  of  Lafayette 
county. 

FOBMBB  WOBK  WITHIN  THB  ABEA. 

Lafayette  county  has  been  frequently  visited  in  the  past. 
Swallow,  in  1855,  made  up  his  general  section  of  the  coal 
measures  of  Missouri  from  studies  made  principally  along  the 
Missouri  river,  and  Lafayette  county  received  a  considerable 
share  of  attention.  In  the  description  of  this  section  the  beds 
oocnring  in  the  county  are  located  with  precision.  In  the  ac- 
count of  the  iron  ores  and  coal  fields,  issued  in  1875,  con- 
siderable attention  is  given  by  Broadhead  to  the  geology  of 
Lafayette  county  and  particularly  to  the  vicinity  of  Lexington. 
He  published  a  general  section  of  the  rocks  of  the  county 
compiled  by  Norwood.  Most  of  the  measurements  of  the 
rocks  above  the  Lexington  coal  were  made  at  Lexington.  He 
also  published  a  section  from  the  top  of  Oraddy  knob  to  the 
small  creek  one  mile  north  of  that  locality.  Sections  on  Gra- 
ham branch,  in  the  bluff  near  the  foot  of  Pine  street  in  Lexing- 
ton, and  also  one  at  Wellington  were  noted. 

PHYSIOGRAPHY. 
GBNEBAL  FBATUBES   OF  THB  BEGION. 

Topographic  types  are  functions  of  geological  relations. 
Begions  of  identical,  or  similar,  structural  and  stratigraphi- 
oal  relations  are  characterized  by  identical  physiographic 
types.  They  are  uniform  over  regions,  however  large,  of  the 
same  geological  structure  and  relation  of  hard  and  soft  beds. 
They  are  independent  of  political  boundaries  and  often  have 
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no  essential  relation  to  drainage.  Features  caused  by  the  lat- 
ter are  functions  of  the  time  element.  Physiographic  types 
are  wholly  independent  of  this  factor  and  hence  do  not  include 
the  idea  of  development.  They  are  the  result  of  fixed  rela- 
tions and  not  of  the  stages  in  development.  All  types  pass 
through  their  various  stages  in  development,  but  each  pre- 
serves its  separate  individuality  as  a  type,  though  its  minor 
features  change.  Type  features  as  well  as  stage  characteristics 
may  arise  from  the  same  initial  feature — the  physiographic  zero,, 
corresponding  to  the  universal  energy  in  the  realm  of  organic 
life.  Topographic  types  are  the  result  of  the  action  of  con- 
structive forces,  while  stages  express  the  progress  reached  in 
the  action  of  destructive  forces.  The  former  express  a  rela- 
tion fixed  for  a  given  region  for  a  given  time,  while  the  latter 
refers  to  a  constantly  changing  relation. 

The  topography  of  the  greater  part  of  the  Mississippi  val- 
ley is  oi  a  single  type.  The  region  is  characterized  by  one  kind 
of  geological  structure  and  hence  one  type  of  topography.  The 
accent  varies,  but  the  type  character  underlies  it  all.  It  is  the 
step-and-platform,  or.  as  Hill  has  recently  named  it,  the  cuesta 
type  and  consists  of  more  or  less  parallel  belts  of  lowland  and 
upland  of  a  particular  type  traversing  the  country  in  the  direc- 
tion  of  the  strike  of  the  rocks.  The  uplands  are  characterized 
by  one  long  gradual  slope  and  one  short  steep  one.  The  long 
slope  corresponds  to  the  dip  of  the  rocks  and  usually  conforms- 
to  the  upper  surface  of  a  hard  bed.  The  steep  slope  or  es- 
carpment is  the  abruptly  broken  edge  of  a  hard  bed  and  the 
underlying  beds  which  are  protected  by  it.  The  lowland  belts 
graduate  imperceptibly  upward  on  one  hand  into  the  upland 
and  on  the  other  are  sharply  limited  by  the  escarpmented  edge 
of  the  adjacent  highland  belt.  In  structure  the  type  is  like  a 
stairway,  though  the  platforms  do  not  always  lie  level,  but  may 
slope  downward  toward  the  successive  escarpments,  so  that 
the  tops  of  adjacent  steps  or  escarpments  may  be  on  the  same- 
level,  or  in  fact,  a  step  caused  by  a  higher  rock  geologically 
may  be  lower  topographically.    The  ascent  may  be  reversed.. 
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The  topography  of  western  and  northwestern  Missouri  is  * 
of  the  type  jast  described.  It  is  developed  on  the  apper  Oar- 
boniferoas  rocks,  all  of  which  have  essentially  the  same  strne- 
tnre.  The  rocks  consist  of  alternating  harder  and  softer  strata 
which  dip  slightly  northwestward.  The  soft  beds  are  worn 
ont  into  lowlands,  and  the  hard  ones  are  left  in  relief,  as  up- 
lands. The  uplands  are  terminated  eastward  by  abrupt  de- 
scents, or  escarpments  descending  to  adjacent  lowlands,  and 
westward  they  lie  nearly  level  or  decline  slightly  to  the  next 
adjacent  lowland.  In  this  part  of  Missouri  the  successive 
platforms  are  nearly  horizontal  so  that  the  lowlands  are  nearly 
as  high  above  sea  level  as  the  adjacent  uplands  are  at  their 
eastern  side.  Since,  however,  the  drainage  is  eastward  all  the 
lowlands  occupy  about  the  same  relation  to  the  grades  of  the 
streams  draining  them.  While  they  become  higher  westward 
in  an  absolute  sense,  they  do  not  become  so  in  a  relative  sense. 
They  are  all  typical  lowlands  in  the  sense  that  they  are  nearly 
down  to  grade,  while  none  of  the  adjacent  uplands  have 
reached  that  stage  of  their  development. 

The  successive  belts  of  lowland  and  upland  determined 
by  the  Upper  Oarboniferons  rocks  of  western  and  northwest- 
ern Missouri  are,  commencing  with  the  lowest  geologically, 
the  Nevada  lowland,  the  Warrensburg  platform,  consisting  of 
a  narrow  belt  of  upland  which  may  be  called  the  Leeton  upland, 
and  a  broad  extensive  belt  of  rolling  country  nearly  down  to 
grade,  which  may  be  appropriately  termed  the  Holden  lowland, 
since  it  is  typically  developed  in  the  neighborhood  of  that  town, 
in  Johnson  and  Oass  counties.  This  is  succeeded  westward  by 
the  Lathrop  upland,  and  this  in  turn  by  the  Mary  ville  lowland. 
The  lowlands  are  etched  on  the  shales  and  sandstones  of  this 
succession  of  rocks  and  the  uplands  are  supported  by  the  more 
resistant  limestone  beds. 

LOOAL  PHYdlOGBAPHIOAL  OHARAOTEBS. 

The  area  covered  by  the  Lexington  sheet  is  traversed  by 
two  of  the  bells  described ;  the  Holden  lowland  and  the  Lath- 
rop uplaud.    The  farmer  includes  the  greater  part  of  the  dis- 
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.  triot,  wbtle  the  tatter  is  repreaenled  bj  oatliera,  iJetstohed  by 
erosion,  from  the  main  maas  of  the  npland  ezistiDg  farther  to 
the  west.  The  distribntion  of  the  phyeiographio  belts  is  showo 
in  the  subjoined  cat  {fignre  19). 
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Holden  Lowland,  That  part  of  the  area  inoladed  ia  this 
belt  baa  a  rolling  aarface  varying  slightly  in  details  of  relief 
bat  dominated  by  gentle  slopes  and  wide,  open,  flat-bottomed 
valleys.  Its  variations  in  derail  are  more  fally  appreciated 
and  better  understood  when  it  is  viewed  from  the  standpoint 
of  its  development.  Its  area  was  originally  ocoapied  by  the 
Lithrop  upland.  The  latter  has  been  driven  westward,  except- 
ing some  large  outliers,  by  the  general  erosion  of  the  rocks 
which  support  it,  and  this  lowland  has  been  developed  on  the 
soft  shales  which  underlie  the  hard  limestones.  Where  the 
stripping  of  the  limestone  has  occurred  recenlty  the  shales 
still  stand  well  above  grade.  They  form  a  strongly  rolling 
topography  in  such  cases,  though  not  an  angular  one.  This 
phase  is  found  in  a  narrow  border  surrounding  the  outliers  of 
the  upland.  Gradually  the  surface  decends  to  the  gently  un- 
dulating character  of  the  lowland  as  a  whole.  The  extremes 
of  local  relief  are  about  100  feet. 

The  belt  is  traversed  by  the  wide  floodplain  of  the  Mis- 
souri river.  On  account  of  the  size  of  the  stream  its  grade 
is  lower  than  that  of  the  smaller  streams.  This  causes  the 
topography  of  a  fringe  along  the  river  bluffs  to  appear  young. 
It  extends  a  little  more  than  100  feet  above  the  floodplain,  and 
the  ravines  are  narrow,  Y-shaped  and  deep.  This  is  local  only 
and  is  not  typical  of  the  whole  plain.  This  effect  is  heightened 
also  by  the  recent  action  of  the  river.  It  has  been  cutting  the 
southern  bluffs  for  a  long  period,  and  has,  so  to  speak,  ad- 
vanced inland  into  the  plain.  If  the  river  should  leave  the  south- 
ern side  of  its  floodplain  the  bluffs  would  soon  be  graded  down 
to  gentle  slopes*  The  river  is  advancing  into  the  plain  by  cutting 
the  southern  bluffs  backward  so  rapidly  that  the  time  relation 
expressed  by  the  topography  of  the  bluffs  at  these  places  is 
not  the  same  as  that  expressed  by  the  topography  of  the  region 
as  a  whole.  The  height  of  the  bluffs  near  the  mouths  of  the 
creeks  and  on  the  divides  may  be  compared  to  the  cliffs  in 
bays,  and  headlands  on  a  receding  coast-line.  The  bluffs  in  the 
vicinity  of  Wellington  are  less  than  100  feet  high.  Northeast- 
ward, toward  Lexington,  where  the  Tabo-Sniabar  divide  is  trun- 
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cated,  they  are  nearly  200  feet  high.  From  this  point  eastward 
they  decrease  in  height,  and  at  the  eastern  limit  of  the  sheet 
they  are  again  only  about  100  feet  in  height.  The  high  ridge 
at  Lexington  is  a  part  of  the  plain  from  which  the  upland  lime- 
stone capping  has  been  veiy  recently  removed.  The  shales  have 
not  yet  ben  worn  down.  This  belt  of  lowland  extends  southwest- 
ward  through  Oass,  Johnson  and  Bates  counties  into  Kansas 
and  northeastward,  through  Bay,  Oarroll,  Livingston,  Orundy 
and  Mercer  counties,  into  Iowa.  In  the  northern  part  of  the 
state  and  in  southern  Iowa  its  features  are  obscured  by  heavy 
accumulations  of  glacial  materials. 

The  Holden  lowland  had  practically  reached  its  present 
stage  of  development  before  glacial  times.  Daring  this  epoch 
its  features  were  slightly  modified  by  the  deposition  of  the 
loess.  It  partly  filled  up  the  valleys  and  ravines  making  a 
more  even  surface.  Since  that  time  the  streams  have  cut  val- 
leys in  this  material  but  have  not  yet  entirely  re-opened  their 
old  valleys.  There  is  no  case  known  of  a  deflection  of  a  stream 
by  this  deposit.  The  deep  narrow  ravines  along  the  river  bluffs 
are  partly  due  to  this  cause.  The  loess  is  a  thicker  deposit 
along  the  bluffs  than  elsewhere. 

Lathrop  Upland.  This  feature  is  represented  in  the  Lex- 
ington district  by  a  few  isolated  outliers.  A  narrow  ridge  ex- 
tends from  Odessa  northward.  Two  miles  north  of  the  town 
it  forks,  one  prong  extending  northward  along  the  west  side  of 
Little  Sniabar  creek  a  distance  of  about  seven  miles  from 
Odessa.  A  mile  north  of  Greenton  it  gives  off  a  branch  which 
extends  eastward  about  two  and  one-half  miles,  and  ends  on 
the  west  side  of  the  creek.  The  other  prong  extends  north- 
eastward about  four  miles  from  Odessa,  and  then  turns  north- 
ward  on  the  Tabo-Sniabar  divide.  It  is  not  continuous  like  the 
western  prong  but  is  represented  by  a  string  of  scattered 
knobs  rising  sharply  above  the  undulating  lowland.  The  most 
northerly  one  of  the  knobs  which  still  retains  its  capping  of 
resistant  limestone,  is  about  one  mile  south  of  Lexington.  A 
small  outlier  occurs  at  Mayview  and  another  one  three  miles 
south  of  Wellington.    Tl^ese  areas  all  have  flat,   plateau  like 
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tops,  and  steep  apper  slopes  with  gradaal  lower  oiies.  They 
are  t>  pical  of  their  kind.  They  are  of  the  same  type  of  relief  as 
the  "  moands"  of  Bates  and  Vernon  connties  in  Miesoari,  and 
the  mesas  of  the  Far  West.  Their  slopes  are  typical  escarp- 
ments caused  by  the  ontcrop,  near  the  top,  of  a  resistant  stratum 
underlain  by  softer  beds.  The  latter  weather  oat  rapidly  and 
the  resistant  one  breaks  off  in  blocks,  leaving  vertical  faces. 
The  upland,  until  a  very  recent  time  geologically  covered 
all  of  the  western  part,  and  probably  the  whole  of  the  sheet. 
This  is  made  certain  by  the  numerous  outliers  not  yet  consumed. 
The  area  is  still  being  constantly  diminished  by  the  recession  of 
the  edge,  or  escarpment.  It  is  already  cut  entirely  across 
in  three  places  by  small  streams  and  almost  across  in  at  least 
one  other  place.  At  Odessa,  a  small  stream  commences  on  the 
Holden  lowland  plain  just  west  of  the  town  and  flows  north- 
westward, through  a  deep  notch  in  the  mesa-like  ridge,  into 
Sniabar  creek  beyond.  Another  branch  of  t^he  Sniabar,  about 
two  and  one-half  miles  north  of  Greenton  does  the  same.  A 
small  branch  of  Little  Sniabar  rises  near  the  line  of  theOhicago, 
Alton  and  St.  Louis  railroad  three  miles  east  of  Odessa  and 
flows  northward  through  a  deep  narrow  canon  in  the  ridge. 
The  surface  of  the  country  around  its  source  is  nearly  100 
feet  lower  than  the  top  of  the  walls  of  its  gorge.  These  are 
undoubtedly  due  to  inheritence  from  an  original  course, 
taken  by  these  streams  when  the  surface  around  their  present 
sources  was  as  high  as,  or  a  little  higher  than,  that  where  the 
gorges  are  now.  By  the  combined  action  of  these  streams 
and  others  originating  in  the  same  vicinity  the  country  has 
been  worn  down  more  rapidly  here  than  farther  downstream, 
where  the  upland  still  exists.  The  streams  had  an  existence 
before  the  lowland  plain  existed.  They  have  been  able  to  main- 
tain at  least  this  much  of  their  courses  during  all  the  time  that 
has  elapsed.  It  is  probable  that  some  of  their  original  upper 
branches  have  been  captured  by  streams  flowing  in  the  oppo- 
site direction. 
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DRAINAGB. 

The  area  lies  wholly  withia  the  drainage  basin  of  the  Mis- 
souri river,  most  of  the  sorfaoe  waters  reaching  that  stream 
directly  within  the  limits  of  the  sheet.  The  Missoari  river 
flows  across  the  northern  part  of  the  area.  Its  coarse  and 
width  are  shown  on  the  map.  It  was  formerly  an  important 
artery  of  commerce  bat  since  the  bailding  of  railroads  it  has 
almost  entirely  lost  its  importance  in  that  respect.  The  navi* 
gation  was  always  diffioalt  and  somewhat  hazardoas  on  accoant 
of  the  ever-changing  sandbars  within  the  channel.  The  navi- 
gable channel  daring  one  trip,  might  on  the  next  one,  be  filled 
with  sand.  The  carrent  is  swifc  and  a  large  amoant  of  sand  is 
being  continaally  carried.  It  is  loaded  to  its  atmost  capacity. 
Its  water  is  always  maddy  and  dark.  Its  coarse  in  its  flood- 
plain  is  irregalar  and  is  continually  changing,  bat  it  never  de- 
velops a  series  of  symmetripal  meanders  similar  to  those  on 
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the  lower  Mississippi  river.  It  is  dlfflcalt  to  determine  whether 
or  not  the  Missoari  river  is  now  more  obstructed  by  sandbars 
than  during  the  days  of  steamboat  navigation  upon  it. 

The  decline  in  steamboat  navigation  is  largely  due  to  rail- 
way competition  and  the  necessity  for  greater  rapidity  of  tran- 
sit. But  that  this  is  the  only  cause  is  improbable.  Steam- 
boating  still  flourishes  on  the  Missilbsippi  and  Ohio  rivers,  not 
as  it  did  forty  years  ago  but  it  is  still  an  important  factor  in 
transportation,  while  on  the  Missouri  river  it  is  no  longer  of 
any  importance  whatever.  Navigation  never  was  easy  on  this 
stream.  Banning  aground  on  a  sandbar  was  a  frequent  occur- 
rence, even  in  the  best  days  of  Missouri  river  boating.  But 
at  that  time  when  there  was  no  more  rapid  means  of  transit 
such  delays  were  considered  as  matters  of  course.  Old  river 
men  say  that  the  river  is  becoming  wider  and  shallower,  that 
bars  are  becoming  more  numerous,  and  that  the  channel  is  be- 
ing filled  up.  This  does  not  seem  entirely  improbable.  The 
surface  deposits  along  both  sides  of  the  river  from  Dakota  to 
itp  mouth  and  extending  backward  from  it  for  several  miles  is 
a  soft,  easily  eroded  material.    Until  the  country  was  occupied 
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by  an  agricaltaral  popalatioa  tliiB  material  was  protected  by  a 
heavy  growth  of  timber,  or  of  grass.  That  protection  has 
largely  been  removed  within  the  last  SO  years  and  in  addition 
to  this  it  has  been  plowed  up,  thereby  making  erosion  much 
more  effective.  Every  heavy  rain  carries  a  great  load  of  this 
material  and  dumps  it  into  the  alreaJy  over-loaded  river.  It 
does  not  seem  improbable  that  the  channel  is  temporarily 
choked  by  this  sudden  increase  of  load. 

The  evidence  that  a  similar  fate  is  overtaking  the  smaller 
streams  of  the  Lexington  area  and  adjacent  districts  is  abund- 
ant and  conclusive.  Reliable  men  state  that  within  their  own 
time  the  larger  creeks  of  this  part  of  the  state  were  clear 
streams  flowing  in  clean  channels  of  clay  or  country  rock  with 
pools  of  clear  water  containing  fish  which  freqnent  clear 
brooks.  These  creeks  now  have  channels  completely  lined 
with  thick  deposits  of  mud,  the  water  in  all  is  muddy  and 
heavily  loaded  with  fine  sediment.  Formerly  these  small  creeks 
continued  to  flow  the  yt'ar  around.  Now,  during  the  spring 
rains  they  are  often  overflowing  their  channels  and  during  the 
summer  and  autumn  months  they  either  cease  to  flow  alto- 
gether or  the  channel  contains  a  string  of  shallow,  muddy  pools 
connected  by  a  tiny  rill  of  running  water.  During  this  period 
of  low  water  the  carrying  capacity  is  zero,  yet  considerable 
amounts  of  detritus  are  dumped  into  the  channel  during  every 
rain  shower. 

The  other  streams  of  tbe  area  are  small  and  only  a  few 
miles  in  length  and  for  a  part  of  the  year  are  almost  dry. 

The  largest  creek  is  Big  Sniabar  which  flows  into  the  Mis- 
souri river  at  Wellington.  It  drains  a  large  area  of  country 
south  and  west  of  the  sheet. 

Little  Sniabar  lies  wholly  within  the  sheet,  as  well  as  most 
of  Tabo  creek.  The  streams  flowing  southward  near  Odessa, 
reach  the  Missouri  river  through  Davis  creek,  Blackwater  and 
Lamine  rivers. 

FOBBSTBY. 

The  greater  part  of  the  area  was  originally,  before  the  oc- 
cupation of  the  country  by  the  agriculturalist,  covered  with 
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forest  trees.  The  soil  was  favorable  to  their  growth  and  the 
relief  was  saffioiently  strong  and  the  couDtry  so  much  cot  by 
streams  that  forest  fires  were  held  in  check.  Very  little  is 
DOW  left  of  these  original  forests.  What  remains  is  confined 
to  the  ragged  parts  of  the  area,  to  the  creek  and  river  bottoms 
and  the  steep  hillsides.  Little  of  it  is  large  enongh  for  mann- 
factare  into  lumber,  and  what  is  large  enongh  is  made  up  of 
trees  unfit  for  any  excepting  the  cheapest  grades.  There  has 
been  no  effort  put  forth  on  the  part  of  the  inhabitants  to  care 
for  the  remnants  of  the  woodlands.  It  has  no  present  value 
either  for  fencing,  fuel  or  lumber,  and  when  the  land  can  be 
cultivated  it  is  removed  and  the  land  put  to  a  more  profitable 
use.  The  forest  trees  are  exclusively  deciduous  and  nearly  all 
are  of  hard-wood  species.  Oak  and  elm  are  the  most  import- 
ant. 

The  following  list  includes  all  the  important  trees  and 
shrubs  occurring  withia  the  limits  of  the  area: 

Black  walnut,  JugJam  nigra,  Linn. 

White  hickory,  common  shell  bark,  Hicoria  ovata,  (Mills) . 

White  oak,  Quercus  elba,  Ltnn. 

Lauieloak,  Quercua  imbricaria,  Mlchz. 

Pin  oak,  QuerctupafHstrii,  Du  liol. 

Sv%*anDp  white  oak.  Qfiercu* platanoides,  (Lam). 

Kedoak,  Qutrcvt  rubral  Linn. 

Black  oak.  Quercusvetutina,  (Lam). 

American,  or  white  elm,  Ulmta  americana,  Linn. 

Pawpaw,  Aslmifin  triloba,  (Ltnn). 

Sycamore,  Plaianua  occidentalism  Linn. 

Wild  cherry,  Prunua  scrotina,  Ehrh. 

Ked-bud,  Cercit  canadenititf  Linn. 

White  maple,  Acer  aaccharium,  Linn. 

Probably  nine-tenths  of  the  timber  now  standing  is  made 
up  of  black  and  laurel  oaks,  elm,  cottonwood  and  linden,  in  the 
order  of  their  importance.  The  black  oak  is  confined  princi- 
pally to  the  ridges  above  the  loess.  The  elms  flourish  in  the 
small  valleys  in  the  upland  plain,  in  the  loess  soils  along  with 
laurel  oaks  and  a  few  linden.  Oottonwoods  are  confined  to  the 
creek  and  river  bottoms;  and  the  lindens  grow  chiefly  on  the 
river  blnffa. 
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STRATIGRAPHY. 

MAIN   LlTHOLOaiOAL   OHABAOTEBd. 

The  rocks  of  the  Lexington  a^ea  conaiBt  of  shales,  sand- 
stones, limestones,  coals,  clays,  conglomerates  and  soils.  They 
are  all  sedimentary  and  are  an  metamorphosed.  They  belong 
to  the  clastic  and  organic  divisions  of  sedimentary  rocks.  The 
elastics  with  one  important  exception  are  fine-grained  and  gen- 
erally soft.  The  organic  rocks  are  impare,  containing  a  large 
percentage  of  clastic  material,  bat  are  well  lithifted. 

8hale$.  The  shales  are  either  argillaceoos,  sandy  or  bitami- 
noas.  They  are  all  soft  and  on  exposure  soon  break  down  into 
clay.  They  are  easily  eroded  and  are  soon  worn  down.  They 
are  brown,  reddish,  gray  and  black  in  color.  The  black  shales 
are  asaally  the  most  resistant  to  erosion  and  have  the  most  per- 
fect lamination.  Sandy  and  argillaceoas  shales  constitate  a 
large  proportion  of  the  rocks  of  the  area.  Bitaminoas  shales 
form  bat  a  small  part. 

Sandstones,  The  sandy  shales  graduate  into  sandstone 
and  the  latter  into  shales  both  vertically  and  horizontally. 
The  sandstones  are  soft,  rather  fine-grained  and  always  are 
reddish  in  color.  They  are  asaally  too  soft  to  make  a  good 
bailding  material.  The  sandstones  are  distributed  irregularly 
through  the  shales,  no  one  horizon  being  persistent  over  the 
whole  area.  They  are  composed  of  small,  well  worn  quartz 
grains  rather  loosely  held  together  by  an  iron  oxide  or  cal- 
careous cement.  They  are  so  soft  that  their  occurence,  even 
among  the  soft  shales,  is  not  marked  by  any  change  in  topo- 
graphy. 

Limestones.  The  limestones  are  fine  grained,  compact, 
rather  non-crystalline  rocks.  They  usually  have  a  bluish  color 
on  fresh  fracture,  but  change  to  white  on  exposure.  They  are 
highly  fossiliferous,  the  fossils  being  principally  brachiopods 
and  foraminifera.  The  fossils  are  imbedded  in  a  matrix  of  con- 
solidated calcareous  mud  or  clay.  Occassionally  when  closely 
associated  with  a  coal  bed  they  are  highly  bituminous  though 
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they  are  not  asaally  so.  They  are  very  irregalarly  bedded  and 
on  exposure  break  ap  into  irregalarly  shaped  slabs  of  aneqaal 
thickness. 

Oonglomeratei  are  not  important  rocks  in  the  district. 
They  are  confined  to  the  eastern  part,  and  only  occnr  locally. 
They  are  composed  of  pebbles  of  the  adjacent  limestones, 
shales  and  sandstones. 

Goal  From  any  other  than  an  economic  point  of  view 
the  coals  are  nnimportant.  They  are  all  bitnminons,  relatively 
free  from  pyrite  and  shale  and  stand  handling  well.  They  con- 
tain gypsum  in  thin  plates  between  the  joints  but  not  in  suffi- 
cient quantity  to  be  injurious  for  steam  purposes. 

Olays.  The  superficial  clay  of  the  district  is  almost  alto- 
gether a  waterlaid  glacial  deposit,  the  loess.  It  is  a  brownish, 
faintly  stratified  loam,  made  up  of  the  rock  flower  of  the  glacial 
period.  It  consists  in  part  of  pure  clay  and  in  part  of  ground 
up  fragments  of  undecomposed  rock.  It  contains  small 
pockets  of  sand  scattered  through  it.  The  exceeding  fertility 
of  the  soil  of  the  region  is  due  to  this  deposit.  It  contains  a 
large  percentage  of  plant  food  and  is  in  a  condition  physically 
to  give  this  up  readily. 

GBNBBAL  GBOLOGIOAL  FBATUBBS  OF  THE  REGION. 

Main  Oomponents.  The  Lexington  area  lies  in  western 
central  Missouri.  This  part  of  the  state  is  underlain  by  Paleo- 
zoic, Pleistocene  and  Recent  sediments.  The  Paleozoic  sedi- 
ments belong  to  the  Oarboniferons,  and  to  the  middle  two  of 
its  four  great  series  of  strata.  The  Pleistocene  deposits  are 
glacial  drift  and  loess ;  and  the  Recent  are  alluvial. 

The  Oarboniferons  rocks  of  the  region  consist  of  shales, 
sandstones,  limestones  and  coals.  Tbey  all  have  a  very  slight 
dip  to  the  northwest.  The  rocks,  above  the  base  of  the  series, 
are  all  fine-grained  sediments  and  have  great  persistence  along 
the  strike. 

The  Oarboniferons  of  Missouri  consists  of  three  divisions  or 
series :  the  Mississippian,  the  Des  Moines  and  the  Missourian. 
Only  the  latter  two  are  exposed  in  the  Lexington  area.    The 
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Des  Moines  series  has  been  farther  separated  into  three  sob- 
divisions  or  terranes.  The  Missoarian  has  not  been  sabdivided 
as  a  whole,  though  some  of  its  lower  beds  have  received  sepa- 
rate names.  The  formations  into  which  the  Des  Moines  series 
has  been  sabdivided  are  the  Oherokee  shales,  the  Henrietta 
limestones  and  shales  and  the  Pleasanton  shales. 

The  OheroJcee  shales  form  the  lowest  member  of  the  Des 
Moines  series  or  coal  measures.  They  lie  anconformably  apon 
the  lower  Oarboniferous  or  Mississippiau  limestones.  The 
formation  consists  largely  of  shales  and  sandstones,  with  oc- 
casional thin  bands  of  limestone  and  a  number  of  important 
coal  beds.  The  sandstones  predominate  near  the  base  of  the 
formation  and  occasionally  pass  into  conglomerates.  In  such 
cases  the  pebbles  are  composed  of  limestone  and  lower  Oar- 
boniferous chert.  The  formation  outcrops  in  a  belt  of  more 
than  20  miles  in  width  in  southeastern  Kansas.  It  enters  Mis- 
souri in  Jasper,  Barton,  Vernon  and  Bates  counties  and  trends 
northeastward.  It  narrows  in  this  direction  until  it  has  a  width 
of  only  4  to  5  miles  in  the  northeastern  part  of  Henry  county. 
It  abruptly  widens  again  in  Johnson,  Pettis,  Saline  and  Lafa- 
yette counties.  After  crossing  the  Missouri  river  it  bends 
eastward  again  and  continues  into  Iowa.  The  thickness  of  the 
formation,  as  exposed  in  Vernon  and  Barton  counties  is  nearly 
300  feet.  In  Lafayette  and  Bay  counties  drill  holes  indicate 
that  it  is  about  400  feet  thick. 

The  Henrietta  formation  overlies  the  Oherokee  conform- 
ably. II  is  separated  from  the  former  on  the  basis  of  its  litho- 
logical  character.  It  consists  of  shales  and  limestones  with  one 
or  two  thin  but  important  beds  of  coal.  The  limestones  con- 
stitute less  than  half  the  total  thickness  of  the  formation,  but 
they  are  conspicuous  on  account  of  their  superior  resistance 
and  their  persistence  along  the  strike.  The  formation  enters 
the  state  from  Kansas  in  the  western  part  of  Bates  county.  It 
trends  northeastward  in  a  narrow  belt  through  Henry,  John- 
son, Lafayette  and  Bay  counties  beyond  which  it  has  not  been 
well  traced.  It  is  probable,  however,  that  it  is  represented  in 
O— 14 
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Bandolpb  and  Maoon  coantiee  by  the  limestones  and  shales 
lying  aboat  40  feet  above  the  Bevier  coal.  The  thickness  of 
the  formation  south  of  tbe  Missonri  river  is  abont  75  feet 

The  Pleasanton  shales  overlie  the  Henrietta  beds  conform- 
ably and  outcrop  in  a  belt  jast  west  of  the  latter.  The  forma- 
tion consists  of  shales  and  sandstones  with  an  occasional  very 
thin,  non-persistent  calcareous  band  and  one  or  two  beds  of 
coal.  All  the  latter,  with  one  exception,  have  so  far  proved  to 
be  too  thin  to  work  profitably.  The  whole  formation  is  com- 
posed of  weak  rocks  which  waste  away  rapidly  into  a  lowland 
belt.  Soutn  of  the  Missouri  river  it  outcrops  in  a  belt  about 
25  miles  in  width,  running  through  Oass,  Johnson  and  Lafa- 
yette counties.  North  of  the  river  the  belt  widens  to  more 
than  50  miles  and  extends  into  Iowa.  The  thickness  of  the 
formation  in  Bay  county  and  southward  is  about  160  feet. 

The  Warrensburg  sandstone  is  a  formation  that  overlies 
the  other  paleozoic  rocks  of  the  region  unconformably.  It  oc- 
curs in  old  erosion  valleys  which  were  excavated  in  the  older 
formations  during  a  temporary  uplift.  The  occurence  is  there, 
fore  in  narrow  belts  striking  across  the  country,  bounded  on 
each  side  by  the  regular  limestones  and  shales  of  the  Carbon- 
iferous. That  it  is  not  a  conformable  member  of  the  series  is 
shown  by  its  juncture  with  the  other  rocks  in  numerous  places. 
The  belt  to  which  this  name  was  first  applied  extends  from 
northern  Henry  county  northward  through  Johnson  and  Lafa- 
yette into  Bay  and  Oarrol,  beyond  which  it  has  not  been  traced. 
Another  belt  having  an  east  and  west  trend  has  been  traced 
from  Moberly  in  the  eastern  part  of  Bandolph  county  west- 
ward to  the  western  line  of  the  county.  It  probably  unites 
with  the  north  and  south  belt  in  Bay  or  Carroll  county.  The 
age  of  the  beds  is  presumably  Carboniferous.  Certain  shale 
beds  near  Moberly  which  apparently  belong  to  this  formation 
carry  coal  plants.    No  other  fossils  have  been  found  in  it. 

The  Musourian  series  has  not  yet  been  subdivided  in  this 
state.  That  part  of  it  which  lies  in  Missouri  consists  of  at 
least  two  distinct  parts,  the  lower  made  up  of  limestones, 
shales  and  sandstones  aggregating,  possibly,  a  total  thickness 
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of  about  400  feet,  and  an  upper  member  coDsisting  of  shales 
and  sandstODes  with  very  thin  limestones,  agRtegating  nearly 
200  feet.  The  lower  division  ontcrops  in  a  belt  aboat  50  miles 
wide,  the  eastern  border  of  which  enters  the  state  from  Kan- 
sas in  the  northern  part  of  Bates  coanty  and  extends  thence 
through  Oass,  Jackson,  Lafayette,  Bay,  Oaldwell,  Livingston* 
Orandy  and  Mercer  counties  into  Iowa.  The  upper  division 
underlies  the  northwestern  corner  of  the  state  beyond  the 
western  limits  of  the  lower  one. 


FOBMATIONS  BBPBBSBNTBD  IN  THB  ABBA. 

The  formations  which  outcrop  in  the  Lexington  area  are 
the  Henrietta^  the  Pleasanton,  the  lower  part  of  the  Missourian 
and  the  Warrensburg  sandstone,  of  the  Paleozoic,  the  loess 
and  glacial  drift  of  the  Pleistocene,  and  the  Recent  alluvium. 
The  relations  of  these  formations  to  each  other  are  expressed 
in  the  following  table  of  formations : 


8T8TKM. 

HKRIK8. 

POBMATION8. 

Recent. 

Alluvium. 

1 

1 

Pleistocene. 

Loess. 
Drift. 

? 

Warrensburg  sandstone. 

Missourian. 

Bethany  limestone. 

Carboniferous. 

Des  Moines. 

Pleasanton  shales. 

Henrietta  limestones  and  shales. 

CARBONIFBROUS  BSD8. 


The  Oherokee  shales  were  probably  reached  in  a  number  of 
drill  holes  in  the  southern  part  of  the  district,  though  the 
records  are  not  reliable  enough  of  give  an  idea  of  the  constitu- 
tion of  the  formation. 
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figure  10.    Usneral  Geological  Section  ot  [.ezlngton 

where  the  fecte  are  olearly  giTeo. 


Senrietta  Forma- 
tion. The  rooke  of 
tbie  formfttioD  oat- 
orop  In  the  blaffd  oT 
all  the  larger  creeks 
audcoDBtitntea  ooo- 
aiderable  portion  of 
the  jgarfftce  forma- 
UonB  alODg  the  eaat- 
ern  aide  of  the  area. 
Its  ontcrop  is  import- 
ant on  aoconnt  of  the 
occarrenoe  in  it  of 
the  Leziogton  coal 
bed,  the  only  one 
within  the  area  which 
is  above  the  level  of 
the  river  and  which 
is  thick  enough  to 
mine.  The  strata  of 
which  the  formation 
la  composed  are  per- 
aietent  in  character 
and  thiokneSB  over 
the  northern  part  of 
the  sheet,  excepting 
where  eroded, bnt  to- 
ward the  aonthern 
part  there  is  a  slight 
change  in  the  char- 
acter of  Bome  of  the 
beds.  The  change 
is  not  great  enough 
however  to  caoee  any 
doabt  in  correlation. 
The  formation  is  made  np 
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of  limestoneB,  shales,  coals,  clays  and  occasional  sandy  layers. 
Its  thickness  is  about  90  feet.  The  following  sections  will 
show  its  character  in  different  parts  of  the  district.  Section  I 
is  taken  from  an  exposure  in  the  Missonri  river  blnffs  about  3 
miles  northeast  of  Lexington. 

L    Section  norikeast  of  Lexington, 

Feet. 
8.    Limestone 5 

7.  Shale \i 

6.    Coal  (Lexington  bed) l*i 

5.    Clay ^. . . .    4 

4.  Limestone 3Mi 

3 .  Shale 18 

2.  Limestone Ua 

1.  Shale 4 

At  Bridge  17,  a  short  distance  to  the  west,  the  rocks  be- 
neath this  section  are  exposed  as  follows : 

II.  Section  at  Bridge  17, 

•     Feet. 
U.    Limestone  (No.  2,  section  I) l»3 

5.  Shale 4 

4.  Coal «A 

3.  Clay,  blue 6 

2.  Limestone 8 

1.  Shale,  drab 1 

Namber  2  of  Ibis  section  is  probably  the  lowest  member 
of  the  formation.  The  apper  members  of  the  formation,  those 
above  the  Lexington  coal  bed  are  exposed  in  the  blnff  at  Lex- 
ington and  occnr  as  follows  : 

III,  Section  at  Lexington, 

Feet. 

6.  Limestone,  contains  abundant  chaE>tetes,  fusullna  and  small  cxln- 

old  stems  (top  member  of  formation)  t 6 

6.    Sandstone,  and  sandy  shale 25 

4.  Limestone 6 

8.  Limestone,  argillaceous,  thin  bedded  with  shale  partings,  highly 

fosslUferous 2V8 

2.  Limestone,  more  thickly  bedded  than  No.  3,  but  still  shaly;  con- 

tains great  numbers  of  Productut  coitatu$ 2Vt 

1 .    Limestone,  caprock  of  Lexington  coal  bed  (No.  H  of  section  I) 6 

The  npper  part  of  the  formation  in  the  sontheastern  part 
of  the  sheet  is  displayed  in  the  Strasbarg  shaft  at  Mayview : 


214  LBXINGTON  BHBBT. 


IV.    Section  at  8traiburg  Coal  Shaft. 

Feet. 
6.    Limestone 11 

5,  Shale 16 

4.    Limestone 9 

8.    Shale,  black,  nssile IVt 

2.    Coal Hi 

1 .  Clay S 

The  upper  part  is  not  well  exposed  Id  the  vicinity  of 
Odessa  and  the  drill-hole  records  are  not  reliable  for  details. 
The  lower  part  of  the  formation  is  exposed  on  Owl  creek 
aboat  3  miles  northwest  of  the  town.    It  is  as  follows  : 

IX.     Section  northwest  of  Odessa. 

Feet. 

6.  Limestone  (bottom  rock,  Lexington  coal  bed) 4Vi 

6.    Shale 17 

4 .    Limestone ^ 

8.    Shale,  black,  fissile 4 

2.  Coal Ve 

1.  Clay  (exposed) i 

Pleasanton  Shales.  These  are  the  sarface  rocks  over  the 
greater  part  of  the  area.  They  underlie  all  the  central  and 
western  part  excepting  narrow  belts  along  the  large  creeka 
and  the  summits  of  the  high  hills  north  of  Odessa.  The  rocks 
are  shales  and  sandstones  the  former  being  the  most  abundant. 
There  is  in  the  southern  part  of  the  sheet,  a  thin  band  of  lime- 
stone in  this  formation,  but  it  is  not  found  in  the  Missouri  river 
bluffs,  or  north  of  the  river.  The  shales  and  sandstones  grad- 
uate into  each  other  horizontally  and  vertically.  The  shales 
are  generally  sandy,  though  some  are  argillaceous.  They  are 
soft  and  easily  eroded.  The  sandstones  are  also  soft.  The 
cementing  material  is  lime  or  iron  oxide.  The  average  thick- 
ness of  the  formation  Is  about  150  feet.  No  single  exposure 
shows  a  persistent  relation  of  shale  and  sandstone.  The  for- 
mation, as  exposed  on  the  Oolumbus  road  about  8  miles  soutb 
of  Lexington,  is  as  follows: 

VL    Section  on  Oolumbus  road  south  of  Lexington, 

Feet. 

6.    Sandstone,  soft,  reddish  brown 50 

•    4.    Shales 70 

3.  Sandstone 20 

2.  Shales 20 

1.    Limestone  (top  bed  of  Henrietta) ;i 
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Three  miles  west  of  this  locality  the  forrDation  is  exposed 
in  the  bluff  soath  of  Little  SDiabar  creek.    It  is  as  follows  : 

VII.    Section  on  Little  Sniabar  Greek. 

Feet. 

8.    Shale,  red  and  drab 20 

2.    Shale,  sandy  with  sandstone 60 

1.  Shale,  argillaceous  and  sandy 75 

The  same  formation  in  the  vicinity,  according  to  fragmen- 
tary evidence,  consists  of  aboat  90  feet  of  sandy  shale  and 
sandstone  at  top,  then  one  foot  of  limestone,  and  60  feet  of 
argillaceoas  shales.  A  6-inch  coal  bed  similar  to  the  one 
occarring  at  the  top  of  the  formation  in  many  places  in  west- 
ern Missoari,  was  noticed  in  the  hill  at  Greenton.  Elsewhere 
it  is  absent  or  covered. 

Bethany  Limestone.  The  area  underlain  by  rocks  of  this 
formation  in  the  Lexington  area  is  very  small.  They  cap  the 
ridges  ranning  northward  from  Odessa  and  the  other  small 
OQtliers  near  them.  The  formation  is  barely  represented. 
Farther  westward  it  becomes  a  very  important  one  and  under- 
lies a  large  area  of  northwestern  Missouri.  It  consists  of 
limestones  and  shales  as  represented  within  the  limits  of  the 
district.  The  total  thickness  represented  is  about  40  feet. 
The  limestones  are  exposed  on  every  outcrop,  but  their  details 
are  not  well  shown.  The  shales  are  rarely  exposed.  A  sec- 
tion of  the  formation  outcropping  in  the  hill  at  Greenton  is  as 
follows : 

VIII.    Seotion  at  Oreenton. 

Feet. 

«.  Concealed  (soil) 12 

5.  Limestone  10 

4.  Shale lu 

H.  Limestone 3 

2 .  Shale 6 

1 .  Limestone 2 

rLEISTOCRNK  I)KrOSIT8. 

'Che  Bowldery  Drift  is  confined  to  the  extreme  northern  part 
of  the  sheet  and  occurs  as  a  very  thin  deposit  beneath  the 
lower  or  water-laid  drift.  It  is  a  yellowish  clay  with  a  few 
bowlders,  some  of  them  local  and  a  few  of  them  of  northern 
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oryBtalline  rocks.  The  only  place  at  which  the  deposit  has 
been  seen  is  on  the  slope  of  the  blafFs  4  miles  northeast  of 
Lexington. 

Loess,  according  to  Todd,  covers  nearly  the  whole  of  the 
area.  It  occurs  over  all  the  area  below  the  contour  of  900 
feet.  On  the  top  of  the  high  ridges  north  of  Odessa  the 
superficial  deposits  are  residual  clay.  The  thickness  of  the 
loess  varies  from  a  few  to  50  feet,  or  even  more  in  some  cases 
on  the  river  bluffs.  It  consists  of  a  brownish  loam  having  a 
tendency  to  a  columnar  structure  on  exposure.  It  contains 
small  pockets  of  sand  irregularly  distributed  through  it  and 
usually  lies  on  a  layer  of  the  same  material.  The  stratifica- 
tion is  faint,  as  should  be  expected  in  a  materal  of  so  uniform 
texture. 

Alluvium  occurs  along  the  river  and  all  the  large  creeks.  On 
the  latter  it  is  made  up  to  a  great  extent  of  re>arranged  loess, 
with  clay  from  the  shales  and  other  country  rock.  It  does  not 
usually  contain  a  large  percentage  of  sand.  Gravel  beds  do 
not  occur  at  all.  The  streams  flow  in  mud-lined  channels 
whenever  they  are  down  to  grade.  The  alluvium  of  the  Mis- 
rouri  river  floodplain  is  much  more  sandy  than  that  of  the 
small  creeks.  It  is  very  friable  and  readily  yields  to  the  cur- 
rent whenever  the  latter  is  directed  to  one  side  of  the  channel. 

GBOLOGIOAL  SECTIONS  ALONG  THE  MISSOURI  BIYEB. 

Oommencing  where  the  bluffs  cross  the  eastern  side  of 
the  area  and  going  westward,  the  first  3  miles  shows  only  satidy 
beds  extending  from  top  to  bottom  of  the  bluffs.  They  are 
massive  and  shaly,  are  all  micaceous  and  of  a  brownish  red 
color.  They  are  described  under  the  heading  '^  Warrensburg 
sandstone." 

The  first  exposure  of  the  regular  rocks  of  the  coal  meas- 
ures met  with  is  4  miles  east  of  Lexington,  in  the  small  branch 
in  the  southeast  quarter  of  section  30  (Tp.  51  N.,  B.  XXVI, 
W. ).    The  rocks  exposed  are  about  as  follows : 
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IX.     Section  4  ''niles  east  of  Lexington, 

Veet. 

3.  Limestone ,  •  •  bottom  rock  "  of  Lexington  ^oal  bed  3 

2.    Shale,  argilQceous 15 

1.  Limestone,  a  single  massive  layer  (  about  700  feet  A.  T.) l 

No  other  exposares  oooar  for  some  distance  excepting  the 
oatcrops  of  a  single  bed  of  limestone  near  the  head  of  the 
next  ravine  east  of  this.  North  and  west  of  the  locality  in 
section  1  (Tp.  61  N.,  R.  XXVII  W.),  for  more  than  a  mile,  the 
blaffs  are  covered  with  a  heavy  coating  of  loess  which  con- 
eeals  the  underlying  rocks. 

In  the  northeast  qnarter  of  section  24,  the  following  sec- 
tion occnrs  at  the  month  of  an  abandoned  coal  mine  : 

X.    Exposure  in  Section  24, 

Feet. 

11.  Limestone,  (about  723  feet  A.  T.) 6 

10.  Shale .  black  fissile Vi 

9.  Coal.]                             r li 

8.  Shale  >Lezlngfton  bed.  < Vi 

7.  Coal.  J                            ( i>tf 

Ci.  Clay 4 

5.  Limestone  ( bottom  rock  Lexington  coal  bed ) 3>^ 

4.  Shale,  argillaceous,  blue,  to  reddish  toward  base 18 

a.  Limestone,  a  single  bed 1 

2.  Shale,  bituminous 4 

1.  Clay  (exposed) 2 

At  bridge  No.  17,  on  the  Jefferson  Oity  and  Boonville 
branch  of  the  Missouri  Pacific  railroad,  a  short  distance  west 
of  the  Eerdoff  mine,  the  following  rooks  were  exposed : 

XL    Section  west  of  Kerdoff  Mine, 

Feet, 
n.    Limestone  (No.  a  of  section  X.) iMi 

5.  Shale ,  dark 4 

4.  Coal r u 

H.    Clay,  blue 6 

2.  Limestone '6 

1.    Shale,  drab  ( about  685  feet  A.  T.) 1 

These  are  the  lowest  rocks  examined  in  any  oatcrop  within 
the  area  of  the  sheet.  Westward  they  dip  gradually  beneath 
the  water  in  the  river.  The  strata  rise  in  a  few  places  near 
Lexington  enough  for  these  beds  to  become  visible  again,  but 
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their  plaoe  is  covered  by  a  heavy  bed  of  loess.  At  bridge  No. 
16f  a  short  distance  west  of  No.  17  the  bottom  rock  of  the 
LexingtOQ  coal  bed  is  aboat  7  feet  above  the  railroad,  and  No. 
2  of  section  XI  is  at  the  edge  of  the  water  in  the  river. 

At  bridge  No.  14,  aboat  1,500  feet  east  of  the  Biverton 
mines,  the  bottom  rock  is  6  feet  above  the  railroad  track  and 
the  interval  between  that  and  No.  6,  of  section  X[  is  18  feet. 
The  latter  here  lies  4  feet  above  the  water  in  the  river.  In  the 
railroad  cat  between  this  and  Biverton  the  following  rocks 
occur : 

XIL    Section  East  of  Biverton, 

Feet. 
6.    Ltmestone  ( cap-rock  of  Lexington  coal  bed ) 5 

5.  Shale,  black,  fissile »3 

4.    Goal  ( Lexington  bed) 2 

3.  Clay H 

2.  Limestone 4 

1.  Shale  ( to  rallmad,  about  700  feet  AT) 7 

The  McDowell  well  is  located  400  feet  sonth  of  the  railroad 
and  200  east  of  Wilmot  branch.  The  top  of  the  well  is  80  feet 
above  the  track.  It  is  80  feet  deep,  with  30  feet  of  loess,  40 
feet  of  reddish  shale  and  10  feet  of  rock  which  is  called  sand- 
stone. The  coal  and  most  of  the  limestones  an  replaced  her<) 
by  the  loess,  and  the  sbale  seems  to  take  the  place  of  the  low- 
est limestone  described  in  the  foregoing  sections.  At  Biver- 
ton the  bottom  rock  of  the  Lexington  coal  bed  is  10  feet  above 
the  railroad  track.  It  rises  slightly  westward  for  a  short  dis- 
tance and  then  begins  to  dip,  and  at  the  railroad  bridge  near 
the  line  between  sections  22  and  27  the  coal  is  12  feet  below 
the  railroad  level.  The  rocks  ezpossed  here  are  aboat  as 
follows : 

XIII.     Section    Wegt  of  Ricerton, 

Feet. 

6.  Limestone,  massive 3 

4.  8hale,  with  thin  beds  of  slialy  limestone 7 

3.  Limestone,  cap-rock n 

2.  Shale,  black,  fissile % 

1.    Goal  (Lexington  bed)  about  687  feet  A.  T if, 

Jnst  below  the  old  warehoase,  at  the  foot  of  Pine  street, 
in  Lexington,  the  rocks  exposed  in  the  blnff  are : 


SBOTIONS  AT  LBXINGTON.  219 


XIY.    Ssoiion  at/oot  of  Pine  Street,  Lexington, 

Feet. 

10.  Ooncealed  from  top  of  bluff 100 

9.    Limestone,  containing  abundant  fossUs  (Montlcullpora,  fusu- 

Una  and   small  crinold  stems) 5 

8.  Sandstone,  not  persistent,  staaly,  occurring  only  In  thin  beds  In 

shale  and  passing  downward  into  shale  25 

7.  Limestone 5 

6.    Limestone,  argillaceous,  thin -bedded,  with  shale  partings,  high- 
ly fossil  If erous,  (chonetes  bed) 5 

6.  Limestone,  more  thickly  bedded,  but  containing  shale  layers, 

hlKhly  fosslllferous  (Productus  bed) 2M2 

4.  Limestone  (cap-rock) 5 

3.  Shale,  black,  fissile 'j 

2.  Goal 1V4 

1.  Clay  (about  700  feetA.T.) 4 

In  the  city  of  Lexington  between  the  water  tower  and  the 
Female  OoUege  building,  a  shaft  was  sank  in  1883.  The  work 
was  done  by  Peter  Ward,  of  the  Lexington  Goal  Company, 
who  furnished  the  following  record  : 

XV.     Record  of  Lexington  Shaft, 

reet. 

16.    Clay  (about  860  feet  A.  T.; 40 

14.    Sand 3 

13.    Shale 40 

12.    Limestone 4 

11 .  Shale 4 

10     Shale,  dark  colored,  "blackjack" 4 

9.  Sandstone 9 

8.  Shale,  dark,  "black  Jack" 2 

7.  Shale 7 

6.    Limestone,  white 5 

5.  Shale 4 

4.  Shale,  dark  "black  Jack" 8 

3 .  Limestone ,  blue 6 

2.  Shale,  black,  fissile K 

1.    Coal  (Lexington  bed) 2 

Recently  a  shaft  has  been  sank  by  the  Soathwestern  Goal 
Go.,  abont  1000  feet  east  of  the  railroad  station  at  Lexingfon. 
The  following  record  was  famished  by  Edward  Anil  of  Lex- 
ington, the  saperintendant : 

XVL    Section  at  Southwestern  Shaft, 

Feet. 

10.  Clay,  hard  (about  800  feet  A.  T.) 40 

9.    Gravel  and  clay 5 

H.    Sand ,  yellow 12 

7.    Mixture  of  limestone  bowlders,  pieced  of  coal,  shale  and  clay, 

with  clay 28 
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Feet. 

6   Limestone,  white 6 

5.    Shale.. *, 

4.    Limestone,  caprock 6 

3.    Shale,  black,  fissile », 

2.    Coal 2 

1.    Clay 3S 

On  Graham  branch,  above  the  railroad  bridge  near  Myriok 
station,  the  rooks  exposed  in  the  bank  are : 

XVII.     Section  on  Oraham  Branchy  near  Myrick, 

Feet. 

H.    Limestone  bottom  rock  of  Lexington  coal  bed  about  (^  feet  A .  T.  s^s 
7.    Shale,  at  top  argillaceous  to  sandy,  yellowish,  becoming  blue 

and  finally  very  dark  near  the  base 16 

6.    Limestone,  single  bed l^s 

6.    Shale,  dark,  graduating  Into  the  next  below l 

4.  Shale,  black,  fissile 1 

3.  Shale,  black,  pyrltlferous 2 

2.  Coal Vs 

1 .  Clay  (exposed) 2^ 

Aboat  400  feet  below  Myrick  station,  in  a  small  ravine, 
the  rooks  show  a  slight  change  in  the  same  horizon  between 
this  point  and  the  old  warehouse  at  foot  of  Pine  street  in  Lex- 
ington, as  the  following  section  indicates  : 

XVIII.     Section  Eait  of  Myrick. 

Feet. 

5.  Limestone,  massive  ( about  740  feet  A.  T.) i 

4.  Shale,  argillaceous,  drab 3Vi 

3.  Shale,  dark  blue 3i.i 

2.  Limestone,  compact  ( caprock  of  l^xlngton  coal  bed ) Wt 

1.    Shale,  black,  fissile 6 

The  following  section  is  reported  by  Norwood  on  the  blafF 
near  the  ferry  landing  at  Lexington  : 

XIX.    Section  at  ferry  landing ^  Lexington, 

Feet. 

28.  Loess r»2 

27.  Shale,  bituminous 15 

26.  Shale,  bituminous,  with  thin  coal  streak Mt 

25.  Shale,  sandy 7 

24.  Sandstone,  shaly,  buff 6 

23.  Shale,  dark ;  some  parts  hard  and  calcareous 16 

22.  Limestone,  blue,  concretionary,  weathers  brown U' 

21.  Clay,  blue,  streaked  with  red 7S' 

20 .  Coal *4 

19.  Shale,  dark ^ 

18.  Fire-clay *2 
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Feet. 

17.    Slope 4 

16.    Limestone,  Irregularly  bedded,  drab»  abounds  In  Cbsetetes  and 

FusuUna  5 

15.    Shale,  drab  and  dark 5 

14.    Sandstone,  bard,  brown,  single  thick  bed,  also  gray  or  drab 8 

13.    Shale,  buff  and  olive 8 

12     Limestone,  drab,  thick-bedded;  shaly  on  top;  good  for  building, 

contains  Ckatete*  mWeporacean,  Fusulina,  Athyrls,  etc 5 

11.  Shale,  drab  and  dark  blue,  with  thin  beds  and  nodules  of  lime- 

stone   4 

10.  Limestone,  dull  blue,  irregularly  bedded 4 

9.  Shale,  with  pyrltiferous  concretions U 

8.  Shale,  bituminous S 

7.    Coal ,  l>i  inches 

6.  Shale,  very  hard,  pyrltlferous 4 

5.  Goal,  working  bed  (  Lexington  bed ) 1^4 

4.  Clay 2 

3 .  Slope 8 

2.  Limestone,  thick-bedded,  gray B 

1.  Slope,  to  level  of  the  Missouri  river 28 

The  blaffs  soathwest  of  this  and  reaching  to  the  western 
limit  of  the  area  have  a  heavy  covering  of  loess.  Exposures 
in  the  narrow  ravines  catting  them  are  abandant,  but  as  a 
general  rule,  only  a  few  feet  aie  exposed  at  a  place.  The 
great  number  of  coal  mines  serve  to  locate  the  coal  bed  and 
give  evidence  that  there  is  no  great  break  in  the  stratigraphical 
continuity.  In  the  northeast  quarter  of  section  5  (  Tp.  41  N., 
R.  XXVII  W.))  is  a  shaft  known  as  the  McGrew  ^^  Machine 
mine."    The  following  is  the  record  : 

XX,    Record  at  the  McOrew  Mine. 

Feet. 

13.  Soil  (about  770  feet  A.  T.) 1 

12.  Sandstone,  soft,  coarse 2 

11 .  Shale ,  blue 1 1 

10.  Limestone,  white 7 

9.  Shale,  blue,  last  2  feet  are  hard  and  shelly 7 

«.  Limestone,  gray,  compact 7 

7.  Limestone,  nodular Ki 

6.  Shale,  black,  fissile l 

5.  Pyrlteband  "black  Jack" i, 

4.  Coal  (Lexington bed) l^ 

3.  "Mining clay" l-« 

2.  *  'Sulphur"  (pyrlte  band) >i 

1.  Clay 4 

A  well  sunk  at  the  edge  of  the  river  bottom  1,600  feet 
above  Myrick,  after  passing  through  2  feet  of  soil  went  18  feet 


222  LBXIMGTON  SHBBT. 

in  ^'drab  fioapstone  with  bowlders."  The  top  of  the  well  is 
30  feet  below  the  Lexington  coal  bed.  The  ^'soapstone  with 
bowlders"  may  be  drift  clay.  The  air-shaft  of  the  Graddy  mine 
passed  throagh  3t5  feet  of  red,  blae,  and  yellow  shale  above 
the  caprock  as  well  as  the  12  feet  of  foesiiiferoas  rocks  over- 
lying it.  Above  the  Graddy  mioe  the  rooks  dip  slightly  west- 
ward. At  the  McGrew  drift  No.  2  the  Lexington  coal  bed  is 
bat  a  few  feet  above  the  river  fl  lodplain,  while  still  farther  np 
the  railroad  at  the  abandoned  McGrew  shaft  the  coal  bed  was 
aboat  20  feet  below  the  floodpUin.  It  soon  rises,  however, 
and  aboat  one  mile  east  of  Welliogton  the  coal  is  15  feet  above 
the  railroad.  It  soon  dips  westward  again,  and  at  Wellington 
it  lies  aboat  40  feet  below  the  railroad.  It  does  not  again 
come  to  the  sarface  west  of  this.  No  record  of  the  shaft  at 
Wellington  is  available,  bat  the  following  record  of  the  air- 
ehaft  of  the  Seawell  and  Hackett  (Hartman)  mine  located  2 
miles  west  of  Wellington  is  here  given  for  parposes  of  com- 
parison. 

XXL     Section  at  Seawtll  and  Hackett  Mine, 

Feet. 

14.  Soil  and  red  clay  (about  725  feet  A.  T.) 4 

13.  Drift,  sandy 8 

12 .  Sandstone , 2 

11.  Clay,  red 4 

10.  Limestone,  blue 4 

9.  Shale,  colored 20 

8.  Limestone,  white  (cap- rock)  7 

7.  Shale,  white  and  blue 20 

6.  Limestone 7 

5.  Shale,  black,  fissile 1 

4.  *' Black  Jack"  and  "sulphur" V 

3 .  Goal 1  >i 

2 .  Clay 5 

1 .  Limestone , 8>i 

The  most  noteworthy  featnre  shown  in  this  record  is  the 
thickening  of  the  sbaly  cnloareoas  bed  overlying  the  caprock. 
Here  it  ( No.  9 )  is  20  feet  thick,  while  at  Lexington  it  is  only  6 
to  7  feet.  On  the  opposite  side  of  the  liver,  from  Wel1ington,a 
small  part  of  the  Bay  Coanty  bluffs  come  into  the  Lexington 
area.  They  are  covered  with  loess  which  hides  all  other 
exposnres.  The  coal  has  been  worked  at  places  snfficiently 
nnmeroas  to  show  the  general  relations  of  the  strata.    Where 
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the  bloffd  eater  the  area  io  section  8  (Tp.  61  N.,  B.  XXVII  W.) 
the  ooal  bed  lies  a  few  feet  above  the  contour  line  of  700  feet 
and  oontioaes  at  aboat  this  heif^ht  through  the  section.  Its 
outcrop  was  not  seen  west  of  this,  bnt  in  the  soathern  part  of 
section  13  (Tp.  51  N.,  B.  XXVIII  W.)  the  coal  was  reached 
several  years  ago  from  the  foot  of  the  bloff  by  a  shaft  12  feet 
deep.  Broadhead  refers  to  an  ontcrop  of  the  coal  west  of  this. 
Within  a  very  short  distance  from  the  western  edge  of  the 
sheet,  where  the  line  of  blofifd  cross  it,  the  coal  is  reached  in  a 
shaft  at  a  depth  of  20  ft>et  below  the  level  of  the  river  flood- 
plain.  To  the  west  a  short  distance,  the  ooal  rises  to  the  level 
of  the  railroad  and  a  little  above  it  as  recorded  by  Broadhead. 
It  then  dips  westward  and  does  not  again  appear  at  the  surface. 
The  report  on  the  Bichmond  sheet  gives  the  record  of  a  num- 
ber of  shafts  in  the  vicinity  of  Bichmond  only  a  short  distance 
north  of  the  river. 

SECTIONS  ALONG  THK  CHICAGO,  ALTON  AND  ST.  LOIJI.S  RAILROAD. 

Along  Bocky  branch,  near  the  point  at  which  the  Chicago, 
Alton  and  St  Louis  railroad  enters  the  area  from  the  east,  the 
limestone  associated  with  the  Lexington  coal  bed  is  frequently 
exposed.  The  vertical  extent  of  the  outcrops  is  never  great, 
but  is  enough  to  show  where  the  rocks  belong.  The  Lexing- 
ton coal  is  extensively  mined  a  short  distance  up  the  branch 
by  both  shafts  and  drifts.  South  of  this,  along  Tabo  creek, 
exposures  even  of  the  hard  limestones  are  very  rare.  At  the 
Fishback  place  ( Tp.  49  N.,  B  XXVI  W.,  Sec.  29,  Ne.  qr.)  the 
coal  has  been  mined  by  drifting.  The  outcrop  at  the  mouth 
of  the  drift  shows  6  feet  of  limestone  caprock,  with  about  2 
feet  of  black,  fissile  shale  beneath  it,  and  above  the  coal.  Half 
a  mile  northwest,  the  coal  bed  is  reached  in  a  shaft  27  feet 
deep.  The  Strasburg  shaft  is  about  a  mile  east  of  Mayview. 
The  following  approximate  record  is  reported : 

XXIL    Record  of  Sirashurg  Shaft. 

Feet. 

13.    Soil  (about  840  feet  A.T.) 6 

12.    Clay  10 

11.    Clay,  white 9 
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Feet. 

10.  Limestone,  ^ray Vi 

9.  Shale 20 

8.  Limestone,  yellow 2 

7.  Limestone,  hard,  yellowish » 

6.  8hale 2 

5.  Shale,  yellowish,  becoming  bluish  toward  base 15 

4.  Limestone,  hard,  bluish 9 

3.  Shale,  black,  fissile IK 

2.  Coal m 

1.  Clay 3 

A  shaft  sank  aboat  two  years  ago  by  the  Matthews  Goal 
Oo.,  is  located  1,200  feet  west  of  the  railway  station  at  May- 
view. 

Oq  the  Powell  property,  there  is  a  well  136  feet  deep, 
which  is  in  sandstone  with  no  coal.  On  the  MoOallooh  place, 
in  section  27,  a  well  124  feet  deep  passes  through  no  coal.  A 
well  on  the  Jennings  land  in  the  same  section,  156  feet  deep, 
passed  through  coal  near  the  bottom,  bat  the  thickness  was 
not  recorded. 

Westward  from  Mayview,  along  the  railroad,  sandy  shales 
are  exposed  everywhere  in  the  ravines.  On  the  largest  stream 
flowing  southward  some  limestone  beds  are  exposed  near  the 
southern  line  of  the  area.  F<»rther  west,  aboat  two  miles  east 
of  Odessa  are  several  dag  wells,  all  excepting  one  of  which 
are  in  shale.  In  one  of  them  a  limestone  was  reached  at  a 
depth  of  45  feet.  A  limestone  crops  out,  at  aboat  the  same 
elevation  as  in  the  well,  in  the  creek  in  the  southeast  quarter 
of  section  23  ( Tp.  49  N.,  K.  XXVII  W.).  In  the  neighborhood 
of  Odessa  a  number  of  drill-holes  have  been  put  down.  The 
records  of  some  of  them  that  were  obtained  are  here  recorded. 
There  is  apparently  some  conflict  among  them.  They  were 
most  of  them  reported  from  the  memory  of  the  owners  or 
drillers,  and  must  be  taken  with  some  allowance.  On  the 
Ewing  place  (Tp.  49  N.,  B.  XXVII  W.,  Sec.  27,  Ne.  qn),  a  well 
was  dag  to  the  depth  of  50  feet,  in  the  bottom  of  which  a  drill- 
hole was  sunk  26  feet  farther.    The  record  is  : 
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XXIL    Record  of  the  Ewing  Well. 

Feet. 

8.  Sou  (aboutSHOfeet  A.  T.) 4 

7.  Clay 15 

6.  Interval 23 

5.  Limestone,  hard •....  l 

4.  Shale,  sandy 10 

3.  Limestone i 

2.  Interval 25 

1.  Sandstone,  bottom  of  well 1 

A  onmber  of  dag  wells  in  Odessa  pass  throngh  about  25 
feet  of  soil  and  sandy  shale  to  a  bed  of  limestone,  18  inches 
thick,  underlain  by  clay  and  sandstone.  The  limestone  here 
recorded  is  foand  in  the  ravines  in  the  vicinity.  In  the  Hatch 
well  (Tp.  49  N.,  E.  XXVII  W.,  Sec.  32,  8w.  qr.),  the  upper  50 
feet  were  dag,  and  the  rest  drilled : 

XXIII.    Record  of  the  Hatch  Well. 

Feet 

22.    Soil  and  clay  ( about  920  feet  A.  T. ) 14 

21.    Sandstone,  brownish  red,  soft 211 

20.    Sandstone,  grayish,  hard  19 

19.    Shale 9 

18.    Shale,  black 4 

17.  Coal IV 

16.    Clay % 

15.    Shale,  very  hard,  compact 10 

14.    Shale 18 

18.  Sandstone,  hard,  gray,  sharp 5 

12.    Shale 1 

11.    Limestone,  hard,  light  gray  color 7 

10.    "Pebbly  material"  hard ,  black i*i 

9.    Shale,  black,  fissile 2 

H.    Goal  (Lexington  bod) Ui 

7.    Shale 8 

6.  Limestone,  hard,  grayish 1012 

5.  Limestone,  shelly 4 

4 .  Sandstone 6 

H.    Shale  21 

2.  Shale,  black 2 

1.    Coal IS' 

From  this  level  to  the  bottom,  about  80  feet  of  limestone 
and  sandstone  in  alternating  strata  are  reported.  It  is  quite 
probable  that  much  of  the  limestone  reported  in  this  well  is 
really  sandstone.  The  record  reported  of  the  Klrkpatrick  well 
(Tp.  49  N.,  E.  XXVIII  W.,  Sec.  36 Hs  as  follows: 
o— 16 


I 

J 
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XXIV.     Record  of  the  Kirkpairick  Well. 

Feet. 

IB.    Soil  and  clay 18 

14.    Shale 26 

13.    Sandstone 25 

12.    Limestone  (?) Vtt 

11.    Sbale,  black >i 

10.    Coal Ml 

9.  Sbale 

8.    Limestone— bard,  yellowish  white 9 

7.  Shale,  black,  fissile 6 

«.    Coal  (Lexington  bed) 2 

C.    Clay,  blue Vi 

4.  "Shale,  with  thin  calcareous  beds 26 

8.  Limestone 2 

2.    Shale,  sulphur  and  coal  mixed 6 

1.    Clay  and  shale 4 

Of  the  Lee  well  (Tp.  48  N.,  R.  XXVIII  W.,  Sec.  1,  Nw. 
qr. )  no  record  was  available,  bat  a  bed  of  ooal  18  inohes  in 
thicknesB  was  enooantered  at  a  depth  of  266  feet,  and  another 
of  23  inches  at  a  depth  of  ::01  feet.  The  top  of  the  well  is 
abont  830  feet  A.  T.  The  record  of  the  Wayman  well  ( Sec.  3, 
Ne.  qr. )  is  as  follows : 

XXV,    Record  of  the  Wayman  Well. 

Feet. 

26.  Soil  and  clay  (about  900  feet  A.  T.) 18 

26.  Sandstone 12 

24.  Shale,  yellowish 13 

28.  Rock,  hard,  gray,  filnty 4 

22.  Coal «, 

21.  Shale,  soft,  black \ 

20.  Shale,  blue \ 

19.  Rock,  hard,  gray  (limestone) 2 

18.  Shale,  blue  16 

17.  Shale,  black ^ 

16.  Coal .* 1 

16.  Clay  Vfi 

14.  ••Grayer' 8 

18.  Shale,  blue 2Vi 

12.  Soft,  dark  material 3 

11.  Sandstone,  yellowish 8V^ 

10.  Shale,  blue  8K 

9.  tlock,  shelly,  gray  (limestone) 1 

8.  Shale,  black 6V^ 

7.  Shale,  black i^ 

6.  Coal 1*4' 

6.  Clay 1 

4.  Rock,  gray,  hard »,' 

8.  Shale,  blue-black 6-6 

2.  Shale,  black,  fissile ^ 

1.  Coal 3j^ 
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The  Lexington  coal  bed  has  been  mined  in  the  soatheast 
'quarter  of  section  33,  where  it  is  reached  by  a  shaft  14  feet 
deep.  The  coal  is  overlain  by  16  inches  of  black  shale,  and 
that  in  tarn  by  8  feet  of  limestone.  It  has  also  been  worked 
in  the  northeast  quarter  of  section  27.  The  black  shale  here 
is  20  inches  thick,  and  the  exposed  part  of  the  cap-rock  is 
about  6  feet.  The  coal  is  16  inches  thick.  In  the  bank  of 
Owl  creek,  west  of  this,  the  following  rocks  are  seen : 

XXVL    Section  on  Owl  Creek, 

Feet. 

6.  Limestone  (bottom  rock  of  Lexington  coal  bed) l 

5.  Sbale,  becoming  dark  below 17 

4.    Limestone; % 

8.  Sbale,  black,  fissile 4 

2.    Coal % 

1.  Clay 1 

At  the  northeastern  corner  of  this  section  sandstone  is 
to  exposed,  several  feet  thick.  Along  the  road  a  short  distance 
to  the  north  are  many  loose  limestone  blocks,  but  the  ledge 
from  which  they  were  derived  is  not  visible. 

SECTIONS  ON  BIG  AND  LITTLE  SNIABAR  CRBKKS. 

The  hills  north  of  Odessa  are  everywhere  capped  with 
heavy  beds  of  limestone,  which  gives  marked  character  to  their 
slopes.  They  rise  more  or  less  gradually  from  the  lower  plain 
to  near  their  top,  where  they  become  very  steep  and  often 
^nite  ragged.  The  followiag  is  the  section  coming  down  the 
hill  at  Oreenton : 

XXV IL    Section  at  Oreenton. 

Feet. 

9.  Concealed  (about  1,000  feet  A.  T.) 15 

8.    Limestone 12 

7.  Shale,  and  concealed 12 

6.  Limestone 3 

6.  Concealed , 6 

4.  Limestone 2 

8.  Concealed 8 

2.  Clay,  calcareous  2V2 

1.    Sbale  and  sandstone 70 

West  of  Oreenton,  sandstone  and  shales  are  abundantly 
exposed  along  the  heads  of  the  small  streams.     Lower  down 
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OD  the  streams  the  Lexiogton  ooaland  its  associated  limestones 
are  exposed,  and  the  ooal  has  been  mined  at  a  number   of 
places.    The  Armstrong  shaft  (Tp.  49  N.,  B.  XXYIII  W.,  Sec. 
10,  8w.  qr.)  is  30  feet  deep.    The  black  shale  is  18  inches  thick 
and  the  coal  16.    The  nnderclay  is  only  8  inches  in  thickness 
Near  the  southwestern  corner  of  section  3  a  limestone  is  ex 
posed  which  is  probably  the  cap-rock  of  the  Lexington  coal 
The  strata  dip  slightly  northward   from  this  point  and  no  out 
crops  are  seen  for  some  distance.   Near  the  bridge  in  the  north 
ern  part  of  section  34  (Tp.  50  N.,  B.  XXVIII  W.)  some  beds  of 
limestone  are  exposed  which  are  without  much  doubt  associated 
with  the  Lexington  coal  bed,  but  their  exact  position  is  not  yet 
determined.   The  following  section,  by  Broadhead,  includes  the 
rocks  outcropping  from  the  top  of  Oraddy  knob  northward  to 
the  bridge  just  referred  to : 

XXVIIL    Section  at  the  Oraddy  Knob, 

Feet. 
14.    Limestone,  light  drab.  Irregularly  bedded,  top  shelly,  contains 

Fasullna  and  crlnold  stemfl 2>^ 

18.    Limestone,  bluish  drab,  tolerably  coarse-grained,  bomewhat 
ferruginous,  weathers  brown,  calclte  seams  and  specks  dls- 

semlnated,  Mhyrls  and  crlnold  stems  abundant 2 

12.    Slope 166 

11.    Sandstone,  soft,  brown 2 

10.    Slope 16 

9.    Limestone,  gray,  coarse-grained,  slllclous,  abounding  In  crlnold 

stems Vi 

8.    Shale,  sandy 2 

7.    Slope 72 

6.    Limestone,  upper  part  bluish,  lower  part  light  drab,  contains 

Athyrls,  Productus,  Chfetetes,  etc 8^ 

5.    Slope 6 

4.    Shale,  and  nodules  of  limestone,  abounding  In  Chonetes  with  a 

few  Productl  5 

3.    Clay 2 

2.    Shale,  dark,  passing  Into  thin  layers  of  dull,  blue  limestone 

abounding  In  Productus ,  Athyrls  and  Chonetes 2 

I.  Limestone,  dull  blue,  Irregularly  bedded,  argUlo  pyrltlferous, 
containing  crlnold  stems.  Productus,  Hemlpronltes  and 
Splrlfer 2 

The  Lexington  coal  and  its  associated  rocks  are  seen  in  the 
bed  of  the  creek  in  the  southwest  quarter  of  section  23  of  the 
same  township.  Around  the  headwaters  of  Little  Sniabar  creek 
the  shales  and  sandstones  of  the  Oreenton  section  are  every- 
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-where  exposed,  with  the  limestones  of  the  same  section  ex- 
posed near  the  tops  of  the  hills,  but  the  details  of  the  sections 
are  somewhat  obsonre.  The  sandstones  and  shales  between 
these  overlyinn:  limestones  and  the  next  thick  underlying  bed 
of  limestone  are  aboat  140  feet  thick  and  inclade  one  thin  bed 
of  limestone  10  inches  thick,  with  probably  some  concretionary 
beds.  This  thin  bed  within  the  shale  was  seen  in  the  north- 
east quarter  of  section  16  (Tp.  49  N.,  B.  XXVII  W.)  and  is 
supposed  to  be  the  same  bed  as  the  one  in  the  northeast  quar- 
ter of  section  20  of  the  same  township. 

In  the  creek,  half  a  mile  west  of  the  first  mentioned  locality, 
a  bed  of  limestone  is  exposed.  About  three-fourths  of  a  mile 
north  of  this,  at  the  ford,  the  same  rock  lies  in  the  bed  of  the 
creek.    The  section  here  is  as  follows  : 

XXIX.    Section  at  Ford  on  Little  Sniabar  Creek, 

Feet. 

6.  Limestone,  (about  780  feet  A.  T.) 53 

5.  Sbale.drab iVi 

4.    Limestone % 

3.  Shale 2 

2.  Limestone l>i' 

1.  Sbale,  inbedof  creek 1 

The  same  limestone  is  exposed  in  the  branch  near  the  mid- 
dle of  the  east  line  of  section  6  of  this  township.  It  is  under- 
lain only  a  short  distance  below  by  several  feet  of  sandstone. 
In  the  southeastern  corner  of  section  4,  and  3  miles  northwest 
of  Mayview,  is  an  outlying  remnant  of  the  high  plateau  that 
once  extended  over  the  area.  The  rocks  exposed  in  the  road 
on  its  northern  side  are  about  as  follows  : 

XXX.    Section  3  miles  northwest  of  Mayview. 

Feet. 

7.  Limestone  (about  965  feet  A..  T.) 2 

6.  Sandstone,  soft 30 

6.    Interval  (shale) 70 

4.  Sandstone 20 

3.  Shale 20 

2.  Limestone 3 

1.    Shale,  blue  (exposed) 3 

The  Lexington  coal  bed  is  exposed  in  the  bank  of  Little 
•Sniabar  creek  near  the  northern  line  of  section  32  (Tp.  50  N., 
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B.  XXVII  W.).  A  little  farther  down  the  oreek  the  coal  is 
mined  in  several  places.  The  rocks  exposed  in  the  road  from 
the  top  of  the  hill  in  section  3L  to  tbe  bed  of  the  creek  near 
the  center  of  section  30,  about  3  miles  southeast  of  Wellington, 
are  as  follows : 

XXXL    Section  S  miles  southeast  of  Wellington. 

Feet. 
15.    Limestones,  and  concealed  Interval,  details  not  readllj  made 

out  (about  980  feet  A.  T. ) 26 

U.    Sbale,  drab  and  red ...  25 

18.    Sbale,  sandy,  and  sandstone 65 

12.    Interyal 70 

11.    Limestone 8 

10.    Sbale,  wltb  tbln  calcareous  layers,  fosslUferOus ...  8 

9     Sbale,  sandy,  calcareous,  fosslUferous 4 

8.    Limestone,  cap-rock 7 

7.  Sbale,  black,  fissile,  clay  at  top  and  below i^ 

6.    Coal  (Lexington  bed)    1M> 

6.  Clay 1% 

4.  Sbale,  argillaceous,  wblte,  red  and  blue 15 

8.  Limestone 8 

2.  Limestone 1 

1.  Sbale,  blue  (exposed) 8 

One  and  one-half  miles  from  Wellington,  in  the  valley  of 
Little  Sniabar  creek  in  the  western  part  of  section  24  ( Tp.  50 
N.,  B.XXYIII  W.),  the  beds  immediately  below  the  Lexington 
coal  are  exposed.    They  are  as  follows : 

XXXIL    Section  on  Little  Sniabar,  southeast  of  Wellington. 

Feet. 

7.  Limestone,  bottom  rock  (about  725  feet  A.  T.) S^t 

6.    Interval  (sbale) 12  * 

6.    Limestone 1 

4.    Sbale,  black,  fissile lU 

8.  Sbale,  black,  pyrttlferous 2V!i 

2.  Coal 8 

1.    Clay  and  sbale  ^exposed) 6 

In  the  eastern  half  of  this  township  and  the  western  half 
of  the  township  to  the  east,  there  are  no  prominent  oatcropa 
of  Paleozoic  rocks.  Shales  are  freqaently  exposed  in  the 
ravines  bat  only  a  few  feet  in  a  place.  In  several  places  a 
coal  bed  which  is  correlated  with  the  Lexington  coal^  has  been 
mined.    These  scattered  coal  mines  are  located  on  the  map» 
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There  are  no  records  of  drill  holes  in  the  vioinity  of  these 
inines.  The  fact  that  the  Lexington  coal  bed  exists  here  and 
with  the  same  association  of  strata  as  elsewhere  is  some  indica- 
tion that  the  rocks  are  the  same  as  in  neighboring  localities. 

Over  a  part  of  the  Lexington  area  coal  has  not  been  found. 
This  is  in  the  area  occupied  by  what  has  been  called  the  War- 
rensburg  sandstone. 

For  a  description  of  this  sandstone  belt  as  it  exists  in  the 
Higginsville  area,  which  joins  the  Lexington  sheet  on  the  east, 
and  for  its  interpretation  based  upon  the  evidence  gathered  in 
that  area  and  this  one,  reference  is  made  to  the  report  on  that 
area.*  Its  extension  northward  in  Bay  county  is  described  in 
the  report  on  the  Bichmond  sheet.  Its  outlines  within  the 
area  of  the  Lexington  sheet  are  shown  on  the  map.  No  facts 
that  in  any  way  conflict  with  the  interpretation  given  in  the 
first  report  referred  to  above  have  been  found  in  the  area  of 
the  Lexington  sheet.  Its  actual  juncture  with  the  other  Pal- 
eozoic rocks  has  nowhere  within  this  area  been  met  with.  All 
that  need  be  said  in  this  place  is  that  the  evidence  confirms 
the  opinion  that  it  is  of  later  deposition  than  the  other  Paleo- 
zoic rocks  of  the  region ;  that  its  area  is  small ;  that  it  lies  un- 
oonformably  on  these  rocks,  and  that  where  it  is  present  the 
others  are  absent ;  that  it  fills  a  channel  of  erosion  which  was 
made  in  these  Paleozoic  rocks  after  they  had  been  deposited 
and  elevated  above  sea  level ;  that  the  elevation  making  pos- 
sible this  erosion  was  not  insignificant  like  many  of  the  minor 
ocillations  of  the  seashore  at  all  times,  but  that  \\t  was  wide- 
spread and  of  safflcient  duration  to  allow  the  development  of 
an  extensive  drainage  system^  but  all  Jiappening  within  the 
time  represented  by  the  Oarboniferous  period. 

The  thickness  of  this  sandstone  is  not  known. "^It  is  not 
probable,  however,  if  the  interpretation  of  it  is  correct,  that  it 
is  thick  enough  to  cut  out  all  of  the  coal  measures.  It  is, 
therefore,  not  to  be  assumed  that  no  coal  whatever  can  be 
found  within  this  belt. 


*  Wlnslow ;  Ttie  lllgglnsvllie  Sheet.    Geulogical  Survey  ot  Missouri,  Ib92. 
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GEOLOGICAL  STRUCTURE. 

The  straotnre  of  the  region  is  extremely  simple.  There  has 
been  little  or  no  warping,  folding  or  faalting  of  the  strata.  In 
fact,  all  the  departures  of  the  strata  from  a  conceivable  plain 
of  deposition  can  be  very  readily  explained  by  unequal  settling 
and  compression  of  the  rocks. 

SOILS. 

The  soils  of  the  area  are  residnary,  and  foreign  or  trans- 
ported. The  residnary  soils  are  very  limited  in  extent  and  are 
not  important.  They  are  not  so  prodactive  as  the  transported 
soils,  and  in  addition  to  that  they  are  unfavorably  located. 
They  have  been  left  until  very  recently  without  much  attention. 
They  support  a  very  good  growth  of  oak  timber,  and  when 
cleared  produce  very  good  crops  for  a  few  years,  though  they 
are  more  easily  exhausted  than  the  transported  soils.  They  are 
confined  to  those  parts  of  the  area  which  lie  above  the  contour 
line  of  940  feet.  This  confines  them  to  the  hillsides  and  tops 
of  the  knobs  and  ridges  described  under  topography.  The 
most  rugged  parts  of  these  lands  are  still  covered  with  timber, 
but  the  gentler  slopes  are  being  brought  under  cultivation 
rapidly. 

The  transported  soils  cover  most  of  the  area.  They  may 
be  classed  under  two  divisions:  (1)  the  loess,  and  (2)  the 
alluvium. 

The  loess  covers  all  the  uplands  below  the  contour  line  of 
920  feet,  except  in  the  floodplains  of  the  streams  and  even  the 
material  along  the  small  streams  is  principally  derived  from 
the  loess.  It  is  the  foundation  of  the  agricultural  wealth  of 
the  region.  It  forms  a  soil  that  leaves  liUle  to  be  desired.  It 
is  a  warm,  open,  porous,  well  drained  and  fertile  soil,  easily 
tilled  and  needing  no  fertilizers.  Enough  has  been  done  how- 
ever to  show  that  the  resources  of  the  soil  are  not  inexhausti- 
ble. In  some  places  its  productive  capacity  has  been  impaired 
by  a  series  of  successive  annual  demands  made  upon  it  in 
growing  hemp.    The  loess  is  liable  to  *'  wash  "  badly  in  many 
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places.    It  is  still  QDOODsolidated  and  the  rolling  topography 
gives  considerable  advantage  to  the  drainage. 

The  allnviam  is  confined  to  the  river  and  creek  bottoms. 
A  strip  of  greater  or  less  width  extends  along  all  the  larger 
creeks.  The  most  extensive  body  being  in  the  floodplain  of 
the  Missoari  river.  It  has  not  been  so  important  a  factor  in 
the  prosperity  of  the  region  as  the  loess,  although  its  area  is 
considerable.  When  the  country  was  first  settled  mach  of  the 
bottom  land  was  covered  with  a  heavy  growth  of  timber,which 
impeded  what  tendency  to  drainage  there  was,  and  also  pre- 
vented the  evaporation  of  the  snrplas  water.  The  low  lands 
were  then  very  nn healthful  places  in  which  to  live.  They 
remained  for  many  years  little  more  than  wild  wet  wastes 
inhabited  only  by  a  few  sickly  sqnatters.  Oradnally  however 
the  land  was  bronght  nnder  caltivation,  a  few  small  drainage 
ditches  were  dag  and  much  of  the  anhealthfnl  conditions  van- 
ished. No  systematic  attempt  has  been  made  toward  draining 
these  lands  so  that  large  areas  yet  remain  fit  for  nothing  but 
grazing  purposes.  The  soil  is  closer  and  colder  than  the  loess 
«oil  yet  when  drained  and  well  cnltivated  its  yield  is  abundant. 
Another  thing  which  has  been  a  factor  in  hindering  the  agri- 
cultural development  of  the  Missouri  river  bottom  lands  is  the 
risk  of  having  the  property  taken  away  without  warning  or 
compensation.  A  farm  is  continually  in  danger  of  being  washed 
away  by  the  ever-changing  current  of  the  capricious  river, 
leaving  a  waste  of  sand  and  making  a  channel  for  itself  where 
only  a  short  time  before  Uy  a  prosperous  farm. 

COAL  DEPOSITS. 
NUMBBB  AND   GHABAOTBB  OF  IHB  GOAL  BBDS. 

Goal  has  been  mined  in  Lafayette  county  for  many  years. 
The  industry  was  begun  nearly  half  a  century  ago.  For  a  long 
time  the  greater  part  of  the  output  was  consumed  by  steam- 
boats, which  at  that  time,  were  the  only  means  of  traveling 
through  this  conntry.  The  mining  was  confined  to  a  very  few 
places  in  the  vicinity  of  Lexington  where  the  Lexington  coal 
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bed  oatoropped  above  the  level  of  the  water  in  the  river  and 
near  a  legalar  boat-landing. 

The  mining  was  done  at  first  altogether  by  slaves  and  was 
carried  on  in  the  most  simple  way.  The  conditions  were  favor- 
ably  for  mining  without  mach  expense  or  any  knowledge  of 
mining  methods.  With  the  abolition  of  slavery  and  the  baild- 
ing  of  railroads  thraagh  the  region  a  great  change  took  place 
in  the  coal  mining  industry.  It  became  more  widely  distribated 
over  the  region  than  before ;  it  was  developed  with  more  skill 
on  acooant  of  the  class  of  men  who  engaged  in  it  and  also 
because  of  the  necessity  of  reaching  the  coal  by  shafts  and 
thereby  providing  for  ventilation  and  drainage.  The  mach 
larger  scale  on  which  it  was  developed  made  it  necessary  to 
develop  a  particular  piece  of  property  in  a  more  systematic 
way.  Goal  land  became  much  more  valuable  than  ever  before 
and  criBated  the  necessity  for  getting  as  much  of  the  coal  from 
an  acre  as  possible.  The  industrial  development  of  the  region 
and  the  growing  importance  of  Kansas  Oity  as  a  maiket  for 
coal  has  been  a  great  factor  in  the  development  of  the  mining 
industry  of  Lafayette  county. 

The  coal  mined  in  the  area  of  the  Lexington  sheet  all  comes 
from  one  bed,  the  Lexington  bed.  Below  it  in  the  eastern 
part  of  the  county  the  Mulky  bed  is  worked,  but  within  the 
Lexington  area  the  existence  of  this  bed  has  not  been  proved. 
It  lies  about  50  feet  below  the  Lexington  coal  in  the  eastern 
part  of  the  county.  Its  existence  coald  easily  be  proved  by 
drilling  at  Lexington.  Other  beds  which  lie  beneath  the  Mulky 
bed  in  the  eastern  part  of  the  county  may  exist  under  the  Lex- 
ington area  though  it  is  not  to  be  inferred  that  they  do  merely 
because  they  occur  in  that  position  elsewhere.  In  the  south- 
ern part  of  the  Lexington  area  several  drill-holes  have  been 
sunk  deep  enough  to  penetrate  the  Malky  coal,  but  the  records 
are  so  unsatisfactory  that  very  little  information  can  be  got 
from  them.  A  thick  bed  of  coal  is  reported  in  one  drill-hole  at 
a  depth  of  several  feet  though  it  is  not  at  all  certain  that  a  bed 
of  black  shale *ha8  not  been  mistaken  in  this  case  for  coal. 
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Above  the  Lexinging  coal  there  are  no  workable  beds  in 
the  area.  Between  it  and  the  highest  rocks  of  the  district 
there  is  an  interval  of  abont  250  feet  of  coal  measares,  yet 
there  is  not  a  coal  bed  known  within  it. 

GBOGRAPHIOAL  DISTBIBUTION   OF  THE  OOAL. 

The  Lexington  coal  bed  originally  underlay  the  whole  area 
covered  by  the  Lexington  sheet.  Its  present  somewhat  more 
restricted  extent  is  dne  to  erosion  sabseqaent  to  its  deposition. 
The  area  underlain  by  it  has  been  decreased  by  two  periods  of 
erosion.  The  first  was  the  period  of  erosion,  probably  in  Car- 
boniferoas  times,  which  excavated  the  valley  in  which  the  War- 
rensbnrg  sandstone  was  deposited  later.  Dnring  this  period  the 
coal  bed  was  cat  out  from  the  belt  occnpied  by  the  Warrens- 
burg  sandstone.  The  other  period  of  erosion  Is  the  present. 
By  it  the  coal  has  been  cut  out  from  the  floodplain  belt  of  the 
Missouri  river  and  little  notches  have  been  cut  into  it  by  the 
larger  creeks  which  flow  into  the  Missouri  river.  The  only 
streams  which  have  cut  beneath  the  coal  in  the  area  are  the 
two  Sniabar  creeks  and  Tabo  creek.  The  area  cut  out  by  them 
is,  however,  very  small.  The  outcrop  of  the  Lexington  coal 
bed  is  shown  on  the  accompanying  geological  and  topographic 
map. 

The  mining  industry  of  the  Lexington  sheet  is  still  most 
extensively  developed  along  the  Missouri  river.  There  are 
two  well  equipped  mines  on  the  Ohioago,  Alton  and  St.  Louis 
railroad,  and  several  smaller  ones  scattered  over  the  area. 

MINES  ALONG  THE  MISSOURI  BIVEBi 

The  most  easterly  place  along  the  Missouri  river  bluffs  in 
the  Lexington  area  where  coal  is  now  mined  is  at  the  Kerdoff 
mine  near  the  center  of  section  24  ( Tp.  51  N.,  B.  XXYII  W. ) 
A  section  of  the  coal  bed  is  as  follows : 

XXXIIL    BetaiU  of  Goal  Bed  at  Kerdoff  Mine. 

Inches. 

8.  « 'Top  Slate** a 

7.  Shale,  black 4 

6.  Coal  (top  bench)  yery  bony 8 
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The  black  shale  ooDtaioB  clay  oonofetlooe,  and  the  coal, 
p;rite  and  gypeam,  the  latter  in  verticat  seame.  There  are 
alBO  rolls  or  elipB.  A  mine  was  opened  several  years  ago  a 
few  faandted  feet  to  the  east  in  the  blnfT,  bnt  it  is  now  abaa- 
doned.  A  aeelion  of  the  coal  bed  at  the  moath  of  the  old 
drift  is  nearly  the  same  as  given  above.  The  top  ooal  is  4 
inches  and  the  bottom  coal  is  aboat  17  inches  thick. 

The  BivertOD  mines  are  located  in  the  bloffa  near  the 
month  of  the  Wilmot  branch.  The  McDowell  mine,  the  only 
one  OD  the  east  side  of  the  branch,  was  abaudoDed  several 
years  ago  on  accoant  of  a  poor  roof.  No  measarement  of  the 
coat  bed  at  Biverton  mine  No.  2  was  made,  bat  at  Biverton  No. 
I  the  following  is  the  average  of  10  measDrements  made  in  dif- 
iDches.  ferent  parts  of  the  mine  : 
^'""""^ *       A  short  distance  ap  stream 

Shale,  black. fliglle  ...     e  "^ 

cf"  ■  hai     bi    k s    from  the  Biveraide  mine  No.  1 

f,^^  jd    Is  the  McDowell  shaft,  operated 

coaVi!:  2*^  by  the  Lexington  Ooal  Mining 

Company.     The    top     of     the 
ciajr,  piTitiierious S6    sbsfi  is    26    fcct    above    the 

railroad,    and    the    ooal  is 
tj    reached  at  a  depth  of  42  feet. 

The  details  of  the  coal  bed  are 

as  follows: 

A'VA'f.     Betaitg  of  Goat  Bed  in   MoDoaetl  Shaft. 

.    Shale,  "roor  slate" J 

.    Shale.  blacH,  flMile 4 

,    Shale,  "black  jack".. I 

.    Coal  i bottom  bench ) 211 
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The  next  openiDg  now  operated  is  the  Olark  drift,  in  the 
Boatheast  corner  of  the  northeast  quarter  of  section  28.  The 
Walton  drift  is  jast  across  the  line  on  the  next  40-aore  tract  to 
the  soQth,  in  which  are  reported  18  inches  of  coal,  without  the 
clay  parting  overlain  by  5  to  9  inches  of  black  shale.  Another 
drift  that  is  in  operation  is  located  200  feet  below  the  old  ware- 
house at  the  foot  of  Pine  street,  Lexington.  At  the  last  three 
drifts  mentioned  the  coal  seam  is  on  a  level  with  the  railroad. 
A  small  mine,  the  Malligan,  is  opened  from  the  hillside  above 
the  pamping  station  of  the  waterworks  at  Lexington.  The  coal 
bed  lies  here  about  35  feet  above  the  railroad.  At  the  Bose- 
well  shaft,  recently  sunk  in  the  northeast  quarter  of  section 
29,  the  depth  and  details  of  the  coal  bed  were  not  obtained.  It 
is  operated  to  supply  a  local  demand  for  fuel  only. 

In  a  new  shaft  sunk  by  the  Southwestern  Goal  Company 
in  the  southeast  quarter  of  section  34  (Tp.  51  N.,  B.  27  W.), 
the  coal  is  18  to  20  inches  thick,  overlain  by  about  8  inches  of 
black  shale.  The  capacity  of  the  mine  at  present  is  six  cars  a 
day.  The  output  is  shipped  to  Kansas  Oity  and  intervening 
local  points.  Only  a  short  distance  east  of  this  shaft,  in  section 
35,  on  the  railroad,  are  two  abandoned  shafts  of  the  Lexington 
Goal  Mining  Company.  They  have  been  deserted  for  several 
years,  but  the  details  of  the  coal  bed,  as  copied  from  the  books 
of  the  company,  showed  the  average  of  the  seven  measure- 
ments made  in  the  two  shafts  to  be  as  follows : 

XXXVI.     Coal  Bed  in  old  Lexington  Shafts. 

Jncbes. 

7.  Shale.  ••  roof  slate" 2 

6.  Slate,  black 6 

5.  Shale,  band  slate 3 

4.  Coal  (top  bench)  3 

8.  Black-Jack 3 

2  Coal  (bottom  bench) 20 

1.  Clay 32 

The  Beawell  mine,  operated  by  the  Lexington  Goal  Mining 
Company,  is  located  in  the  southeast  quarter  of  section  32. 
There  is  no  *' slate  band"  reported  here,  and  the  coal  is  21 
inches  in  thickness,  this  being  an  average  from  measurements, 
made  in  four  entries.    Two  shafts,  operated  by  horse-power^ 
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are  located  in  the  northern  part  of  section  4  on  Graham  branch. 
The  oatpat  is  consumed  in  Lexington.  They  are  both  shallow 
shafts,  though  the  exact  depths  are  not  known. 

The  Hackett  and  the  Taylor  mines,  formerly  owned  and 
operated  by  the  Lexington  Goal  Mining  Gompany,  are  located 
on  the  river  blnff  in  section  5.  They  were  abandoned  several 
years  ago.  The  McGraw  shaft  was  opened  near  the  center  of 
the  same  section.  It  is  equipped  with  a  steam  hoist  and  is 
connected  with  the  Missouri  Pacific  railroad  by  a  spur.  It  has 
not  been  operated  for  several  years,  though  the  machinery  is 
still  in  place.  The  mine  has  not  yet  been  worked  out.  It  is 
about  40  feet  to  the  coal.  The  Lexington  Goal  Mining  Com- 
pany operate  two  other  mines  in  the  bluff  in  this  township 
known  as  the  Macy  and  the  Graddy  mines.  At  the  latter  mine 
the  details  of  the  coal  bed  are  as  follows: 

XXX VIL     Details  of  Coal  Bed  at  the  Oraddy  Mine. 

Inches. 

8.  Llmerock 2 

7.  Shale,  ** roof  slate" 3 

6.  Shale,  black 7 

6.  Shale,  band  slate 4 

4.  Goal 21 

8.  Clay a 

2.  "Sulphur" 8 

1.  Clay 22 

The  drift  is  equipped  with  an  electric  power  plant  which 
is  used  to  operate  three  Sperrey  mining  machines. 

The  Lexington  Goal  Company  is  the  heaviest  producer 
operating  within  the  area.  It  has  a  capacity  of  about  40  cars  a 
day  when  all  the  mines  are  in  operation.  About  one-half  of  the 
product  is  used  by  the  Missouri  Pacific  railroad,  and  the  rest  is 
shipped  to  Kansas  and  Nebraska,  as  well  as  to  neighboring 
towns.    It  is  nearly  all  used  for  steam -gen  crating  purposes. 

In  the  northwestern  corner  of  section  7  ( Tp.  50  N.,  B.  27 
W.)  and  the  northeastern  corner  of  section  12,  are  the  two 
McGrew  drifts.  At  the  present  time  only  one  of  them,  the 
upper  one,  is  operated,  the  other  one  being  used  for  an  air- 
course.  In  these  mines  the  total  thickness  of  black  shale  be- 
tween the  coal  and  the  limestone  cap  is  10  inches  and  the  coal 
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bed  is  18  inches  thick.  The  coal  lies  only  6  feet  above  the 
railroad,  bat  one-half  mile  farther  west  it  is  reached  in  a  shaft 
at  a  level  of  15  feet  below  the  track.  It  soon  rises  again  and 
at  the  Garter  and  Lewis  mine,  one  mile  east  of  Wellington,  it 
is  about  10  feet  above  the  railway  grade.  At  the  latter 
place  the  top  shale  has  a  total  thickness  of  5  inches  and  the 
coal,  aboat  18  inches.  The  coal  dips  again,  and  in  the  eastern 
part  of  the  town  it  is  reached  in  the  Wellington  shaft  fully  35 
feet  below  the  railroad.  The  details  of  the  coal  bed  here  are 
as  follows : 

The  coal  from  all  these  mines  is  of  essentially  the  same 

Inches,  character.  It  is  clean,  glossy,  black 
and  hard  enough  to  stand  transpor- 
tation very  well. 


Limestone. 


Shale,  black,  fissile  16 

Coal 7 

Shale  parting ^ 

Coal 8 

Clay,  shaly,  black.  K 

uoal 8 

Clay,  pyrltlferous.  29 

Limestone 10 


Figure  22.    Section  of  Goal  Bed  at 
Wellington  Shaft. 


DBYBLOPliBNTS  ALONG  THB  OHI- 
OAGO,  ALTON  AND  ST.  LOUIS 
BAILBOAD. 

Along  the  Ohicago,  Alton  and 
St.  Louis  railroad,  within  the  area 
of  the  sheet,  there  are  only  two  mines  producing  coal  on  a 
commereial  scale.  They  are  both  near  Mayview.  The  Stras- 
burg  shaft  is  one  mile  east  of  town  and  is  connected  with  the 
railroad  by  a  spur.  It  is  a  double  shaft,  and  is  equipped  with 
steam-hoisting  machinery.  The  details  of  the  coal  bed  ( section 
XXXIX)  are: 

Inches.        ^he  Other  shaft  is  located  in  the 

Limestone ^    ,  -.-i    ■.       . 

western  part  of  the  town.   It  also  is 
Shale,  black,  fissile  19  ^  double  Shaft  and  is  equipped  with 

steam-hoisting  machinery.  The  coal 
has  been  opened  by  drifting  at  a 
number  of  places  on  Tabo  creek, 
southeast  of  Mayview,  at  difiPerent 
times,  but  there  are  now  no  mines 

Limestone 6  in  operation.    The  Jones  and  Miller 

shaft  was  operated  one  mile  south- 

Flgare28.    Section  of  Coal  Bed  at  ^     ^  ^-      .  mt^  *      a  — ^-. 

Mayvlewstrasbarg  Shaft.  east  Of  the  tOWU.     The  OUtput  WaS 

hauled  to  Mayview,  or  sold  directly 


—  ♦ 


Coal 11 

Parting Vt 

0<»al 4 

Clay,  hard.  dirt...  3 


Clay,  soft,  drab. . .    86 
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for  coDsamption  in  the  immediate  neighborhood.  In  the  creek 
valleys  north  of  Mayview  a  namber  of  mines  have  been  opened, 
bat  most  of  these  too  are  now  abandoned,  or  are  worked  only 
daring  the  winter  months.  Aroand  the  head  of  Brashy  creek 
in  the  eastern  part  of  township  50  N.,  B.  XXYII  W.,  small 
drifts  are  operated  daring  a  part  of  the  year  and  the  prodact 
consamed  in  the  neighborhood. 

SBIALLEB  GROUPS  OF  MINES. 

There  are  two  small  gronps  of  mines  within  the  area  of 
the  sheet,  bat  none  of  them  prodace  coal  on  a  commercial 
scale,  none  have  steam  power  and  none  are  worked  all  the 
year.  The  first  of  these  groups  is  in  the  soathwestern  corner 
of  township  50  north,  range  XXYII  west.  Two  of  these  are  the 
Hill,  and  the  Strafford.  The  latter  is  a  drift  and  is  located  in 
the  sontheast  quarter  of  section  30.  The  details  of  the  coal 
bed  are  as  follows : 

XL,     Section  of  Coal  Bed  at  Strafford  Drift, 

Inches. 

6.  Limestone 10 

5.  Shale,  black 17 

4.  Coal  (top  bench) 12 

3.  Clay  parting 1 

2  Coal  (bottom  bench) 4 

1 .  Clay 14 

The  bed  at  the  Hill  drift,  500  yards  to  the  east,  is  about  the 
same.  There  has  been  very  recently  opened  the  MoFadden 
drift  on  the  northeast  qaarter  of  section  20. 

The  other  groap  of  small  mines  referred  to  is  in  the  west- 
ern part  of  the  sheet  in  the  vicinity  of  Greenton.  There  is  one 
shallow  shaft  and  several  small  drifts.  The  former,  the  Arm- 
strong mine,  is  in  the  sonthwest  qaarter  of  section  10  (Tp.  49 
N.,  B.  XXVIII  W.).  It  is  30  feet  deep.  The  coal  is  hoisted  by 
horse-power.  The  oatpat  is  all  ased  in  the  vicinity  for  fael. 
The  details  of  the  coal  bed  are  as  follows  : 

AX/.     Details  of  Coal  Bed  at  the  Armstrong  Shaft. 

Inches. 

7 .  Limestone 12 

6.  Shale,  black,  ttssUe 16 

5.  Clay  and  pyrlttferous  shale 1 
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Inches. 

4.    Coal  (top  bench) 12 

3.    Clay  parting i^ 

2.    Coal  (bottom  bench)  4 

1.    Clay .' 8 

The  Ohamberlain  diift  is  in  the  bank  of  the  branch  about 
600  feet  northwest  of  the  Armstrong  shaft.  Another  small 
drift  is  in  the  soathwest  qaarter  of  section  15  of  the  same  town- 
ship ;  and  still  another,  the  Hook  mine,  is  one  and  one-half 
miles  south  of  the  former.  They  are  worked  occasionally 
throngh  the  winter  to  supply  the  local  demands  for  fuel. 

North  of  the  Missouri  river  there  is  within  the  area,  one 
mine  in  operation  and  several  abandoned  ones.  The  Bankine 
drift  is  in  the  northwest  quarter  of  section  8  (Tp.  51  N.,  B. 
XXVII  W.).  Tne  mine  is  worked  most  of  the  year  and  the 
product  shipped  to  various  points  on  the  Chicago,  Santa  Fe 
and  Oalifornia  railroad.  At  Oamden,  situated  on  the  north  side 
of  the  river  and  just  outside  the  western  limits  of  the  sheet,  coal 
mining  is  carried  on  extensively  in  the  Lexington  bed.  The 
coal  is  reached  by  shafts  from  30  to  50  feet  in  depth.  The  coal 
bed  is  of  about  the  same  thickness  and  character  as  at  Bich- 
mond. 

GOALS  LOWER  THAN  THE  LEXINGTON  BED. 

The  only  data  obtained  showing  anything  of  the  character 
of  the  rocks  below  the  Lexington  coal  bed  for  any  distance  are 
the  records  of  the  drill-holes  in  the  vicinity  of  Odessa.  These 
were  all  chnrn  drill-holes  and  cannot  be  implicitly  relied  upon. 
If  one  shaft  or  diamond  drill-hole  were  sunk  in  the  neighbor- 
hood to  serve  as  a  check  on  the  record  they  might  be  used 
with  a  greater  degree  of  confidence. 

The  thin  coal  bed  lying  about  20  feet  below  the  Lexington 
bed  in  the  vicinity  of  Lexiugton  is  nowhere  thick  enough  to 
mine  profitably.  The  same  bed,  exposed  on  Own  creek  north- 
west of  Odessa  and  also  struck  in  the  Eirkpatrick  well,  is  still 
too  thin  to  work.  No  bed  which  can  be  correlated  with  the 
Mulky  bed  of  the  Higginsville  area  has  been  encountered  un- 

0—16 
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less  it  be  the  lower  one  in  tbe  Hatch  well,  east  of  Odessa. 
There  is  nothing  associated  with  this  bed  to  indicate  that  it  is 
so,  excepting  its  position  with  respect  to  the  Lexington  bed. 
The  record  of  the  Hatch  well  agrees  reasonably  well  with  the 
general  section  and  with  the  Kirkpatrlck  well  still  better,  bat 
the  Wyman  well  agrees  with  it  not  at  all.  The  reported  30-inch 
seam  of  coal  in  the  bottom  of  tbe  shaft  is  either  a  local  thicken- 
ing of  the  lowest  beds  in  the  Hatch  well  or  else  is  a  bed  not 
met  with  elsewhere.  At  any  rate  the  report  needs  confirma- 
tion. It  is  indeed  qnite  probable  that  other  and  thicker  veins 
may  be  struck  by  deep  drilling  in  the  area  of  the  sheet.  The 
larger  part  of  the  whole  thickness  of  the  lower  coal  measures 
underlies  the  rocks  oatcropping  on  the  surface  and  as  yet  is 
unexplored.  It  is  probable  that  lower  beds  will  be  of  small 
areal  extent,  but  what  they  lack  in  that  respect  may  be  made 
up  in  thickness.  This  will  be  on  account  of  the  basin-like 
character  of  the  deposits  as  the  base  of  the  coal  measures  is 
approached  where  shore  conditions  prevailed  during  deposi- 
tion. Prospecting  will  be  more  expensive  on  account  of  the 
depth  and  more  extensive  in  order  to  locate  the  various  discon. 
nected  basins.  It  must  be  borne  in  mind,  however,  that  these 
conclusions  are  based  upon  general  considerations  and  not  en- 
tirely facts  gathered  within  the  area  of  the  sheet. 

BUILDING  STONES. 

Valuable  building  stone  is  not  abundant  within  the  Lex- 
ington area.  It  may  be  considered  that  it  does  not  occur.  The 
limestones  occurring  near  the  Lexington  coal  bed  make  very 
good  foundations,  cellar  walls'and  rip-rap  for  road  building  but 
they  will  not  furnish  a  good  dimension  stone. 

A  sandstone  occurring  about  a  mile  and  a  half  south  of 
Lexington  was  used  in  the  construction  of  a  church  in  Lexing- 
ton. It  proved  to  be  too  soft  to  sustain  the  weight  of  the 
structure  and  soon  gave  way.  The  sandstone  bed  occurs  in 
the  great  bed  of  sandy  and  clay  shales  and  sandstones  lying 
between  the  Lexington  coal  bed  with  its  associated  limestones 
and  the  Missourian  limestones. 

The  Warrensburg  sandstone  is  available  locally. 
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CLAY  DEPOSITS. 

The  depofiits  within  the  LexiDgton  area  which  can  be  aeed 
in  the  manofactnre  of  clay  wares  are  the  shales^the  anderclays 
of  the  coal  beds  or  ^'fireclays,"  the  loess  and  allannm. 

TBB   SHALBS. 

Shale  beds  are  enooantered  in  every  deep  shaft  or  well 
and  oatcrop  in  many  places  in  the  river  oluifs  and  in  the  hill- 
sides soath  of  Lexington.  They  occar  at  intervals  throa^hoat 
the  Pleasanton  formation  as  well  as  in  the  Glear  Fork.  The 
latter  are  generally  below  the  drainage  level,  so  that  they  conld 
be  mined  only  by  shafts.  Those  of  the  Pleasanton  formation 
are  all  well  above  the  Missouri  river  level  and  they  can  be 
easily  obtained.  The  shale  bed  exposed  in  the  bank  of  Graham 
branch  near  Myrick,  was  sampled  by  Wheeler,  in  his  examina- 
tion of  the  clays  of  the  state  and  gave  the  following  results  : 

Oolor,  blue  to  gray  to  buff-brown  (dry  with  slight  yellow 
iron  stains.)  Texture,  coarsely  lammelar,  rather  hard  (25), 
fine-grained  and  uniform.  Taste,  lean.  Slacking  took  place 
slowly,  but  completely  to  coarse  flakes  and  granules  one-half 
to  one-fourth  of  an  inch  in  diameter.  Pyrite  was  not  notice- 
able ;  hot  hydrochloric  acid  caused  effervesence  on  a  few 
pieces,  giving  a  yellow  color.  When  ground  to  20-mesh  and 
mixed  with  23.0  per  cent  of  water,  it  made  a  stiff,  plastic  paste 
that  ehrunk  6.6  per  cent  on  drying,  and  9.4  per  cent  when  vit- 
rified, giving  a  total  shrinkage  of  16.0  per  cent.  The  tensile 
strength  of  the  air  dried  mud  averaged  138,  with  a  maximum 
of  155  pounds,  to  the  square  inch.  Incipient  vitrification 
oocured  at  1450^  F.,  and  complete  at  1600^  It  burned  to  a 
compact,  tough  body,  when  vitrified,  that  had  an  excellent 
dark  red  color.     It  rapidly  dried  and  heated  without  cracking. 

A  chemical  analysis  gave: 

Analysis  of  MyricJc  Shale, 

Percent. 

8nica 54.03 

Alamlna 22.50 

Combined  water 7.54 

Iron  sesiiuloxide *. 7.90 
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Percent. 

•     Lime 0.86 

Magnesia 2.70 

Alkalies 4.12 

Total  99  66 

Total  fluxing  Impurities 16  67 

Specific  gravity 2.83 

No  other  tests  have  been  made  though  there  is  little 
doabt  that  many  of  the  beds  in  the  Pleasanton  formation  are 
as  good  as  this  one.  The  sketches  given  in  the  preceding 
pages  of  this  report  indicate  the  distribntion  of  these  beds. 

rNDBBGLAYS     (  POTTBBS' AND  FIBB  GLATS). 

These  include  the  so-called  fire  clays  underlying  the  coal 
bed.  There  are  two  of  these  above  the  river  level,  under- 
lying the  Lexington  coal  bed  and  the  one  in  the  Graham 
branch  at  Lexington.  The  bed  associated  with  the  Lexington 
coal  is  3  to  5  feet  thick.  It  is  grayish  in  color,  rather  hard 
and  fine  grained.  It  is  massive  and  slacks  completely  on 
exposure.  No  analyses  have  been  made  of  this  bed  though  it 
is  known  that  it  contains  too  large  a  percentage  of  fluxes  for 
making  high  grade  fire  brick.  It  could  be  used  in  the  manu- 
facture of  paving-brick  and  pottery  and  other  products  not 
required  to  withstand  high  temperatures.  Its  occurrence  so 
closely  associated  with  the  Lexington  coal  bed  greatly  adds  to 
its  value  by  making  the  cost  of  mining  it  very  low  and  also 
by  furnishing  fuel  for  its  burning. 

The  bed  in  the  Oraham  branch  section  is  not  so  thick  as 
that  under  the  Lexington  coal.  Otherwise  its  character  seems 
to  be  about  the  same  as  the  latter.  The  cost  of  mining  it  will 
always  be  much  greater  than  that  of  the  other  since  its  asso- 
ciated coal  bed  is  too  thin  to  bear  a  pan  of  the  expense  of 
mining. 

THB  LOBSS. 

The  loess  clays  are  abundent  over  the  whole  of  the  area 
excepting  the  river  bottoms  and  the  higher  hills.  It  is  the 
only  clay  that  is  used  in  the  manufacture  of  building  brick. 
Its  quality,  quantity  and  accessibility  make  it  pre-eminently  the 
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brick  clay  of  the  Hiissoari  river  oonnties.      Its  oharaoter 
thronghoot  the  whole  state  is  remarkably  nniforin. 

THS  ALLUVIUM. 

This  material  is  fonnd  in  all  the  floodplains  of  the  district 
There  are  two  principal  phases,  an  older  and  a  younger.  The 
older  phase  is  osnally  called  gambo  on  acooant  of  its  dark 
color  and  sticky  character  when  wet.  It  occars  in  the  Mis- 
souri river  floodplain  at  a  considerable  distance  from  the  pres- 
ent channel  and  in  the  floodplains  of  the  larger  creeks.  It  is 
an  excellent  material  for  the  manafactnre  of  burnt  clay  for  rail- 
road ballast  and  for  road  material.    The  supply  is  inexhausti  ble 

The  recent  alluvium  is  usually  too  coarse  or  too  sandy  to 
be  used  in  the  manufacture  of  clay  ware. 

THB  GLAT   INDUSTBIBS. 

The  clay  industry  of  the  area  consists  of  the  manufacture  of 
building  brick  and  draintile.  Bailding  brick  are  manufeotured 
at  Lexington  where  the  loess  clay  is  used.  The  value  of  the 
annual  product  amounts  to  about  $10,000.  There  are  two 
brick  yards,  both  of  them  equipped  with  brick  machines. 

Building  brick  and  draintile  are  manufactured  at  Odessa 
on  a  limited  scale  for  local  supply.  The  loess  clays  and  shales 
of  the  locality  are  used. 

SANDS. 

Sand  suitable  for  building  purposes  is  abundant.  The 
sand  from  the  sandstone  of  the  area  is  mixed  with  too  much 
clay  to  be  of  much  use  though  it  is  used  to  a  small  extent 
locally.  The  oands  in  the  loess  are  too  flue  grained  and  con- 
tain too  mnch  dark  mineral  matter  which  disintegrates  readily. 
It  is  used  in  the  manufacture  of  brick,  to  a  very  limited  extent. 
There  are  no  beds  of  glacial  sand  within  the  area. 

The  principal  source  of  supply  is  the  channel  sand  of  the 
Missoari.  It  has  not  yet  been  utilized  though  at  other  points 
along  the  river,  dredging  for  it  has  developed  into  a  profitable 
industry.    The  incidental  washing  that  it  gets  in  dredging  is 
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safficient  to  make  it  pare  enongh  for  an  excellent  bailding^ 
sand.    The  sapply  is  inexhaustible. 

WATER  SUPPLY. 

The  water  sapply  is  derived  from  the  streams  and  from 
shallow  wells.  The  Missoari  river  does  not  famish  a  very 
large  part  of  the  total  amoant  consumed.  Excepting  that  used  in 
the  city  of  Lexington  very  little  comes  from  that  stream.  Lex- 
ington derives  its  sapply  partly  from  the  river  and  partly  from 
wells.  A  considerable  part  Is  derived  from  the  latter  scarce. 
Tabo  creek  and  the  two  Sniabar  creeks  famish  water  throagh- 
oat  the  year.  It  is  used  for  stock  water  only,  since  it  becomes 
very  warm  in  the  late  summer.  The  water  becomes  so  low  in 
these  streams  that  the  flow  almost  ceases  in  August  and  Sep- 
tember.  It  is  always  discolored  by  the  matter  held  in  suspen* 
sion  but  it  contains  nothing,  either  in  solution  or  Fuspension 
which  renders  it  unwholesome  or  unpalatable  for  stock.  The 
only  matter  that  it  holds  in  solution  to  any  extent  is  carbonate 
of  lime.  The  suspended  matter  is  the  finely  divided  material 
from  the  shales  of  the  region.  They  contain  no  alkaline  in- 
gredients that  are. noticeable.  The  supply  of  stock  water  from 
the  creeks  is  abundant.  The  whole  of  the  rural  domestic  sup- 
ply and  the  stock  supply  as  well  for  the  uplands  is  derived 
from  wells  or,  in  the  case  of  stock  water,  from  reservoirs.  The 
well  water  is  abundant,  wholesome,  palatable,  and  readily  ac- 
cessible. Very  few  wells  are  more  than  50  feet  in  depth,  and 
the  greater  number  do  not  penetrate  the  superficial  materials. 
The  loess  with  the  fine-graiaed  sand  on  which  it  rests  is  a 
reservoir  for  the  rainfall.  It  is  porous  and  absorbs  and  retains 
a  large  amount  of  water.  If  water  is  not  found  in  the  loess  it 
is  usually  found  on  a  limestone  horizon  of  the  Henrietta  forma- 
tions, or  in  some  of  the  sandstones  in  the  Pleasanton  shales. 

ROAD  MATERIAL. 

The  road  material  of  the  are:i  consists  of  limestone  and 
material  for  burnt  clay.  The  limestones  available  for  this  pur- 
pose are  those  lying  in  the  hills  north  of  Odessa.    Those  of 
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the  Henrietta  formation  oatoropping  in  the  river  blaffs  are  too 
-deeply  baried  to  make  their  extensive  ase  for  this  purpose 
profitable.  Their  quality  is  folly  as  good  as  that  of  the  higher 
beds  and  in  the  eastern  part  of  the  area  where  the  higher  ones 
are  not  available  they  coald  be  obtained  in  small  qnarries  at  a 
reasonably  light  expense.  The  supply  of  limestone  in  the  hills 
north  of  Odessa  is  considerable  and  will  in  the  future  be  an 
important  source  for  such  material. 

Gumbo  or  the  highly  plastic  alluvial  clays,  are  abundant  in 
the  northern  part  of  the  area  but  they  have  never  been  utilized 
for  that  purpose.  The  ordinary  dirt  roads  of  the  loess  area 
where  well  drained  are  usually  in  good  condition.  They  rarely 
become  muddy  and  never  become  as  soft  as  the  roads  over 
residual  clays. 
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RIGHBiOND   QUADRANGLE. 


INTRODUCTION. 
AREA  AND  LOOATION. 

The  Bichmond  quadrangle  incladea  parts  of  Bay  and  Oar- 
roll  oonnties  and  is  named  from  the  town  of  Richmond,  the 
county  seat  of  Buy  county,  situated  in  the  southwestern  corner 
of  the  area.  The  territory  covered  by  the  sheet  is  qnadrila- 
terial  in  shape,  of  15'  extent  in  latitude  and  longitude,  em- 
bracing an  area  of  230.86  square  miles. 

It  is  included  between  the  lines  39"^  15'  and  39""  30'  latitude 
and  the  lines  93°  45'  and  94"^  longitude  west  of  Greenwich.  Its 
position  in  the  state  is  northwestern.  It  lies  about  50,  75, 150 
and  185  miles  from  the  western,  northern,  eastern  and  southern 
boundaries  of  the  state  respectively.  It  covers  nearly  the 
entire  eastern  half  of  Bay  county  and  includes  a  strip  of  about 
half  a  mile  of  Oarroll  county  along  its  eastern  boundary.  The 
northern  line  lies  a  little  less  than  two  miles  south  of  the  Bay- 
Oaldwell  county  line  ;  the  southern  boundary  lies  about  five 
miles  north  of  the  Missouri  river,  and  the  western  boundary 
lies  about  eleven  miles  east  of  the  western  boundary  of  Bay 
county. 


Figure  24— Showing  the  location  with  reference  to  the  county  lines. 
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FOB  MSB  WORK  WITHIN  THE  ABBA. 

Kay  ooanty  was  visited  by  Prof.  Broadhead  in  1872.  A 
namber  of  sections  were  measured  and  described  by  him  and 
were  pablished  in  the  report  of  the  Survey  for  1873 ;  '^Iron 
Ores  and  Goal  Fields."  He  describes  two  sections  measured 
on  the  Missouri  river  bluffs  in  the  southeastern  part  of  the 
quadrangle,  one  on  Crocked  river  two  miles  north  of  Rich- 
mond, and  also  a  record  of  shaft  No.  6,  now  abandoned,  south 
of  Richmond.  Several  analyses  of  coal  were  made  from  samples 
collected  by  him  at  this  time. 

In  the  Survey  office  there  is  on  file  a  manuscript  report  on 
the  Oeology  of  Ray  county,  written  by  Dr.  J.  Locke.  It 
seems  to  have  been  written  during  the  progress  of  the  Swallow 
Survey.  He  describes  many  outcrops  occurring  along  the 
Missouri  river  bluffs,  but  very  few  occurring  elsewhere.  Most 
of  this  material  is  incorporated  in  this  report,  but  the  source 
is  stated  in  each  instance. 

PHYSIOGRAPHY. 

THB    REGION   IN  GBNBEAL. 

A  region  underlain  by  gently  inclined  beds  of  rock  of 
unequal  resistance  to  erosion  will,  at  maturity,  be  traversed  by 
belts  of  lowland  and  upland,  the  former  being  worn  one  along 
the  strike  of  the  soft  beds  and  the  latter  being  underlain  by 
the  hard  rocks  which  are  left  in  relief  by  the  erosion  of  the 
softer  ones.  This  will  be  the  result  irrespective  of  the  direc- 
tion of  the  larger  streams  of  the  region.  As  the  cycle  of 
erosion  progresses  the  lowland  belts  gradually  become  to  be 
occupied  by  small  subsequent  streams  which  have  grown 
headward  along  the  soft  beds  from  the  larger  streams.  If  the 
differences  of  resistance  to  erosion  between  the  hard  and  soft 
beds  be  great,  and  the  beds  be  crossed  by  streams  which  vary 
greatly  in  size,  the  smaller  of  the  original  streams  may  be  cap- 
tured by  the  subsequent  streams  and  their  headwaters  diverted 
by  the  latter  along  the  lowland  through  the  channel  of  the  sub- 
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seqaent  stream  and  into  a  larger  stream.  In  this  way  the 
lowland  may  become  occupied  by  large  streams  which  are 
outlet  throagh  the  gap  in  the  apland  belt  occupied  by  one  of 
the  original  larger  streams.  The  hard  rooks  finally  become  to 
be  respected  as  a  divide  by  all  but  the  very  large  streams. 
The  streams  are  then  said  to  be  adjusted.  Adjustment  does 
not  always  take  place  to  a  great  extent,  even  when  the  belts 
of  lowland  and  highland  are  well  developed.  The  greater  the 
number  of  cycles  a  land  area  has  passed  through  and  the 
greater  the  differences  of  rock  resistance,  the  greater  will  be 
the  extent  of  the  adjustment.* 

The  slopes  of  the  highland  will  vary  with  and  be  indicative 
of  the  dip  of  the  hard  beds.  With  rather  low  dips  the  high- 
land will  have  one  long  gradual  slope  and  one  short  abrupt 
one.  The  steep  side  or  surface  will  face  a  lowland  belt  worn 
on  soft  beds  underlying  the  cliff  maker. 

The  association  of  highland  and  lowland  belts,  the  former 
characterized  by  slopes  of  the  kind  just  described,  are  charac- 
teristic, and  represent  one  type.  It  has  been  called  the  Step 
and  Platform  type.f 

The  topography  of  the  Richmond  area,  together  with  that 
of  all  northwestern  Missouri,  is  of  the  Step  and  Platform  type. 
Northwestern  Missouri  is  traversed  in  a  northeasterly  and 
southwesterly  direction  by  about  five  distinct  physiographic 
belts.  Two  of  these  traverse  the  area  of  the  Richmond  sheet. 
They  are  the  Warrensburg  platform  or  plain  and  the  eastern 
part  of  the  Gentrj  I  platform,  which  has  neen  called  the  Lathrop 
upland.§  The  Warrensburg  plain  consists  of  two  belts,  the 
westermost  one  only,  the  Holden  lowland,  occurring  in  strong 
development.  It  enters  the  State  of  Missouri  from  Kansas  in 
southern  Gass  and  the  northern  part  of  Bates  counties.  It 
trends  northeastward  and  northward  to  the  Missouri  river  as 
a  belt  of  undulating  country  about  45  miles  in  width.  Where 
it  crosses  the  Missouri  river  its  western  border  is  near  Lexing- 

♦Bull.  Geol.  8oc.  America  Vol.  VII,  pp.  377-H9S. 
tPhyslcal  Features  of  Mo.    Mo.  (ieol.  Survey,  Vol.  X,  p.  S2. 
^Physical  Features  of  Mo.    Mo.  ticol.  sur.,  Vol.  \,  p.  fis. 
§Ibld,  p.  72. 
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ton  and  its  eastern,  near  Glasgow.  North  of  the  Missouri  its 
western  border  trends  nearly  north,  antil  it  becomes  obscared 
by  the  drift  accamalation  in  northern  Missouri.  Its  eastern 
border  tarns  sharply  eastward  after  crossing  the  river,  inclad- 
ing  all  the  areas  of  the  rooks  of  the  Des  Moines  formation  in 
northern  Missoari.  The  plain  thus  widens  ont  antil  it  inclodes 
the  gre^iter  part  of  north  central  and  northeastern  Missoari. 
Its  surface  is  considerably  modified  by  the  drift  deposits  in 
this  part  of  the  state. 

The  Lathrop  Upland  lies  west  of  the  Warrensburg  plain 
and  the  average  elevation  of  its  surface  is  about  200  feet 
higher  than  that  of  the  latter.  Its  eastern  border  enters  the 
state  in  Oass  county.  It  trends  northward  aod  slightly  east- 
ward, passing  out  of  the  state  into  Iowa  in  Mercer  county. 
The  western  border  of  the  belt  trends  northward  from  near  St. 
Joseph,  so  that  its  width  is  about  50  miles.  The  belt  is  sharply 
separated  from  the  Warrensburg  plain  on  the  east  by  the 
Bethany  escarpment,  but  it  graduates  insensibly  into  the  next 
physiographic  belt  on  the  west. 

The  surface  is  a  broad  even-topped  upland  now  dissected 
by  the  streams.  Its  elevation  along  the  eastern  border  is 
about  1,100  feet  above  tide  water.  The  valleys  are  usually 
sharply  cut  into  the  even  upland,  and  the  sides  are  usually 
steep.  Many  of  the  smaller  streams  are  not  yet  down  to  grade 
and  their  channels  are  obstructed  in  places  by  blocks  of  lime- 
stone from  the  valley  sides.  The  contrast  between  the  wide 
valleys,  rounded  slopes  and  undulating  surface  of  the  War- 
rensburg plain  and  the  narrow  valleys,  steep  slopes  and  even 
or  slightly  undulating  surface  of  the  Lathrop  upland,  is 
marked. 

LOOAL  PHASBS. 

The  Holden  Lowland,  Within  the  area  of  the  Richmond 
sheet  the  Warrensburg  plain  is  a  lowland  of  denudation  nearly 
down  to  grade.  The  streams  are  all  down  to  grade  and  have 
developed  wide  floodplains.  The  valley  sides  slope  gently 
upward  into  the  rolling  or  gently  undulating  surface  of  the 
plain.    Exposures  of  rocks  rarely  occur.      Where  the  large 
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streams  are  now  oatting  into  the  bluff  on  one  side  of  their 
valleys  a  few  feet  of  rock  are  asnally  exposed,  though  the 
blnffs  are  always  low  and  the  ezposares  are  thin.  The  gen- 
eral elevation  of  the  surface  of  the  plain  is  about  60  to  lOO 
feet  above  the  grade  of  the  larger  streams.  There  are  no 
areail  of  flat  upland  into  which  the  streams  are  gnawing.  The 
surface  is  made  up  of  graded  slopes.  Where  the  Missouri 
river  has  truncated  one  of  the  subordinate  ridges  the  bluffs 
rise  about  100  feet  high,  but  the  slopes  are  rounded. 

The  Lathrop  Upland.  That  part  of  the  Lathrop  upland  in- 
cluded within  the  area  of  the  Bichmond  sheet  is  a  thoroughly 
dissected  plain  whose  elevation  is  uniformly  about  960  feet 
above  tide  water.  There  are  a  very  few  small  patches  of  flat 
upland  which  has  not  yet  been  reached  by  the  dissecting 
streams.  The  largest  is  in  the  vicinity  of  Ovid  postoiBce» 
That  part  of  the  upland  represented  in  our  area  is  only  the 
extremely  ragged  edge  of  the  large  area  of  it  lying  west  of 
this.  The  many  branches  of  Orooked  river  have  cut  deep, 
narrow  valleys  far  back  into  it,  and  the  narrowing  and  finally 
detached  remnants  extend  forward  far  along  the  ridges  be- 
tween the  streams,  usually  in  such  places  graduating  into  the 
lowland  more  or  less  insensibly.  The  characteristic  features 
of  the  topography  of  this  pJain  are  the  even  upland  and  the 
narrow,  relatively  deep  and  always  steep  sided  valleys  in  which 
rock  exposures  are  abundant.  It  is  a  topography  of  rectan- 
gular profile  while  that  of  the  Warrensburg  plain  is  character* 
ized  by  an  undulating  profile.  The  resistant  beds  which  con- 
stitute the  strength  of  the  upland  lie  ^0  or  60  feet  beneath  the 
level  of  the  surface.  These  beds  are  underlain  by  the  soft 
beds  on  which  the  Warrensburg  plain  is  developed.  All  the 
streams  which  have  cut  backward  into  the  upland  from  the 
plain  have  cut  through  the  hard  beds  and  well  into  the  softer 
ones.  The  streams  easily  erode  the  soft  beds,  thereby  under- 
mining the  harder  ones  and  causing  them  to  drop  down  leaving 
stf  ep  cliffs.  In  this  way  many  of  the  streams  have  opened 
out  cove-like  valleys  on  the  soft  shales,  sometimes  of  a  mile 
or  more  in  width,  which  are  surrounded  on  three  sides  by 
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steep  blaffs.  These  almost  enolosed  valleys  with  their  anda- 
lating  floors  and  sharp,  steep  walls  oonstitate  the  most  beaati- 
fal  feature  of  the  topography. 

The  Bethany  Esearpment  The  two  divisioas  of  the  topo- 
graphy of  the  sheet  are  sharply  separated  from  eaoh  other 
by  the  Bethany  esoarpment.  It  is  the  steep  slope  by  which 
the  sarface  of  the  upper  drops  to  that  of  the  lower  plain. 
Its  steepness  is  due  to  the  oatcroppiog  edge  of  the  Bethany 
limestones.  The  soft  shales  underlying  the  limestones  weather 
out  rapidly.  The  limestones  are  by  this  means  kept  continu- 
ally exposed.  They  drop  off  from  time  to  time,  keeping  the 
slope  steep.  The  lower  plain  is  advancing  westward  grad- 
ually by  the  recession  of  the  escarpment.  Its  domain  is  in* 
creasing  while  that  of  the  upper,  is  decreasing.  The  upper 
stands,  on  an  average,  about  140  feet  above  the  lower  plain. 
The  distribution  of  the  physiographic  belts  over  the  area  of 
the  quadrangle  is  shown  in  figure  25. 
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Figure  ».    Phrclographlc  belts  or  tbe  «rea. 

Flood  plain*.  Like  a  large  part  of  the  area  of  northern 
Miaaoori,  the  flood  plains  of  the  atreams  eonrtitnte  an  import- 
ant part  of  the  eorfaee  of  the  area.  A  Urge  area  of  tbe  broad 
floodplain  of  the  Hissoari  river  lies  wilbio  the  quadrangle 
as  well  as  tbe  ralber  wide  plains  of  Crooked  river  and  Wa- 
kecda  creeks. 
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A  part  of  thefloodplain  of  the  Missoari  river  ocoapies  the 
eoatheastero  ooraer  of  the  qaadrangle.  The  rest  of  this  sec- 
tion of  the  floodplaici  is  shovra  on  the  Lezingtoa  Sheet.  The 
whole  plain  is,  at  the  eastern  side  of  the  qaadrangle,  aboat  7^ 
miles  wide  and  at  the  western  side,  where  it  lies  wholly  within 
the  Lexington  qaadrangle  it  is  aboat  5  miles  wide.  Up  the 
river  it  contracts,  within  a  short  distance,  to  aboat  three  miles 
and  maintains  that  width  to  Forest  Oity  in  Holt  ooanty.  Jnst 
east  of  oar  area  it  widens  slightly  becoming  a  little  more  than 
8  miles  in  width  and  then  gradaally  contracts  eastward  to 
aboat  3  or  4  miles.  The  local  widening  here  is  dne  to  the  less 
resistant  character  of  the  rocks.  Both  eastward  and  westward 
the  river  oats  more  resistant  beds.  It  consists  of  a  nearly 
flat  plain  diversified  by  occasional  ponds,  lakes  and  swamps. 
Along  the  northern  border  of  the  floodplain  lies  an  almost 
continaoas  chain  of  swamps  and  shallow  lakes.  Farther  oat 
in  the  plain  there  are  nnmeroas  small  depressions  of  a  few 
feet,  generally  containing  water.  Tbey  are  narrow  aad  often 
in  strings.  They  probably,  in  some  cases,  at  least  mark  the 
coarse  of  an  old  sloagh.  The  string  of  lakes  and  swamps 
along  the  northern  side  of  the  floodplain  maybe  dae  to  either 
of  two  caases :  They  may  mark  the  nearly  filled  channel 
which  the  river  occnpied  recently,  or  they  may  be  the  resalt 
of  a  ponding  of  the  sarface  water  along  this  line  by  the 
normal  action  of  the  river. 

All  large  streams  cat  their  channels  down  to  their  grade 
in  a  relatively  short  time,  always  reaching  it  before  their  lat- 
eral streams  have  invaded  the  whole  of  their  drainage  area 
and  therefore  reached  their  greatest  capacity.  On  aocoant  of 
the  fact  that  the  lateral  drainage  is  not  yet  developed  and  does 
not  transport  to  the  larger  stream  as  mach  waste  from  the 
land  as  they  do  when  developed  the  larger  stream  cats  its 
channel  down  to  a  lower  grade  than  it  can  maintain  when  more 
detritas  is  delivered  to  it  by  the  lateral  streams.  As  a  conse- 
qnence,  after  matnrity  is  reached  and  the  lateral  streams  have 
invaded  the  whole  area  and  are  therefore  at  their  most 
effective    stage,  the  larger  stream,  in   order    to  be    able  to 
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transport  this  iacreased  amoaat  of  load,  has  to  increase 
its  slope  by  fiUiag  np  its  valley  plightly.  The  deposition 
effecting  this  goes  on  along  the  channel  of  the  large 
stream  and  results  in  the  formation  of  a  ridge  along  the 
crest  of  which  the  channel  of  the  stream  is  cnt.  ( See  remark- 
ably clear  examples  of  this  action  in  the  lower  Mississippi 
river  floodplain  shown  by  the  maps  of  the  Mississippi  Biver 
Commission ).  The  floodplain  is  therefore  highest  on  the  bank 
of  the  stream  and  slopes  both  ways  from  it  in  a  direction  at 
right  angles  to  the  course  of  the  stream,  thereby  cansing  the 
water  to  collect  along  the  base  of  the  blaffs.  One  of  the 
conseqnences  of  sach  action  in  all  large  streams  is  that  the 
lateral  streams  are  not  able  to  maintain  their  conrses  across 
the  floodplain  up  this  slope  to  the  large  stream,  but  are  forced 
to  turn  along  the  floodplain  flowing  parallel  to  the  conrse  of 
the  parent  stream  nntil  the  latter  crosses  to  the  side  ot  the 
plain  along  which  they  flow  and  picks  them  np,  or  else  the 
water  from  them  becomes  ponded  along  the  sides  of  the  flood- 
plain.  Applying  this  to  the  case  in  hand,  it  is  seen  that 
Orooked  river  maintains  its  way  across  the  floodplain  to  the 
Missouri  river,  but  Wakenda  and  Moss  creeks,  smaller  than 
Orooked  river  east  of  the  area  of  the  Richmond  sheet,  follow 
the  northern  side  of  the  floodplain  for  a  long  distance  before 
they  enter  the  Missouri,  and  the  drainage  from  small  ravines 
along  the  eastern  bluffs  is  ponded  at  their  base.  In  some  of 
the  small  lakes  near  the  western  side  of  the  sheet  it  is  kgown 
that  they  are  of  recent  growth  from  the  fact  that  they  con- 
tain the  stumps  and  dead  saplings  of  a  young  forest  which 
has  been  killed  by  the  growth  of  the  lakes.  Just  below  where 
Orooked  river  enters  the  floodplain  of  the  Missouri  river  it  is 
slightly  laked.  Its  channel  through  the  bottoms  is  not  able  to 
carry  the  water,  which  seeks  discharge  through  it  after  a  heavy 
rain.  It  often  floods  a  large  area  west  of  Hardiu,  and  does  so 
even  when  the  Missouri  river  is  at  a  moderately  low  stage. 
The  facts  therefore  seem  to  indicate  that  the  lakes  and  swamps 
along  the  margin  of  the  bottoms  are  dne  to  silting  up  of  the 
floodplain  by  the  Missouri  river. 
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All  tbe  principal  secondary  Btreams  have  ballt  floodplains 
of  greater  or  less  width,  none,  however,  reaching  a  width  of  a 
mile.  Compared  with  m<iny  of  the  streams  of  northern  Mis- 
soari  of  nearly  eqaal  size,  these  floodplains  are  very  narrow. 

A  feature  or  importance  characterizing  them  as  well  as 
that  of  the  Missoari  river  is  terracing.  The  greater  part  of 
these  flood  plains  Is  built  of  a  massive  clay  of  uniform  charac- 
ter, the  typical  gumbo  of  the  farmers.  It  is  of  so  compact  a 
character  that  drainage  is  imperfect.  The  surface  of  this  part 
of  the  flood  plain  stands  from  20  to  30  feet  above  the  present 
bed  of  the  stream.  It  is  so  high  that  it  is  very  rarely  reached 
by  the  highest  freshets.  Lying  from  10  to  15  feet  below  this 
in  a  narrow  strip  bordering  the  present  channel  of  the  stream 
is  the  flood  plain  of  a  later  period  of  flood  plain  building.  It 
is  composed  of  gravel,  sand  and  clay  derived  from  the  drift 
and  the  country  rock.  It  is  the  result  of  the  work  of  the 
streams  at  their  present  stage.  Its  width  is  not  more  than  one- 
thirtieth  of  the  average  width  of  the  whole  flood  plain.  The 
deposits  of  the  first  phase  were  evidently  laid  down  under  dif- 
ferent conditions  than  those  now  prevailing  in  the  area  while 
those  of  the  second  phase  were  as  evidently  laid  down  under 
similar  conditions  to  those  now  prevailing.  The  difference  in 
height  of  the  two  phases  is  not  easily  explained  by  supposing 
that  a  recent  warping  or  uplift  of  the  area  has  occurred  which 
has  caused  the  streams  to  cut  to  a  lower  level  than  before  the 
uplift.  The  slight  amount  of  uplift  would  not  be  sufficient  to 
cause  such  a  wide  difference  in  the  character  of  the  deposits 
before  and  after  the  uplift.  It  seems  rather  to  be  due  to  a 
change  in  ratio  of  carrying  power  of  the  stream  to  the  load  to 
be  carried,  and  the  similarity  of  the  clays  of  the  older  phase 
to  the  clays  of  the  drift  of  the  region  suggests  that  the  expla- 
nation is  to  be  sought  in  that  direction.  I  am  not  aware  that 
the  material  of  this  older  phase  becomes  coarser  northward. 
No  direct  observations  were  made  with  that  point  in  mind. 
The  distribution  of  the  zones  of  altitude  is  shown  in  figure  3. 
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PEgure  2S.    Dtstrlbutlon  of  Zones  of  Altltuaa. 
HYDBOQBAPHT. 

The  area  lies  vitbin  the  drainage  area  of  the  Miesoari 
river,  the  drainage  of  the  greater  part  of  it  reaching  that  atream 
directly  throagb  Crooked  river  and  Wakeoda  oresk.  A  small 
area  near  the  middle  of  the  northern  side  of  the  quadrangle  is 
drained  into  Grand  river  and  thenoe  into  the  Mtsaoari  at  Brnns- 
wiok  in  Chariton  connty, 


PRINOIPAL  8TBBAMS.  263 

The  principal  streams  are  the  West,  Middle  and  East  Forks 
of  Crooked  river  and  the  North  and  Sonth  Forks  of  Wakenda 
creek.  They  are  all  small  streams,  carrying  dnring  the  greater 
part  of  the  year  only  a  very  small  volome  of  water.  Their  fall 
is  too  slight  to  famish  maoh  power.  A  few  grist  mills  were 
located  on  them  when  the  coantry  was  being  settled  bat  they 
were  abandoned  long  ago.  The  streams  flow  in  channels  cat 
to  15  or  20  feet  below  the  sarface  of  the  flood  plain  now  build- 
ing. The  water  is  always  maddy  and  the  bed  of  the  stream  is 
lined  with  a  thick  deposit  of  dark  colored  mad.  Were  it  not 
for  the  steep  banks,  the  deep  and  moddy  channels  the  largest 
of  the  three  forks  of  Orooked  river  conld  be  easily  forded  at 
ordinary  stages  of  the  water.  Bat  excepting  high  ap  on  the 
streams  where  the  beds  have  more  or  les^  gravel  and  larger 
rocks  derived  from  the  Upper  coal  Measare  limestones  they 
are  all  crossed  by  bridges. 

The  West  Fork  of  Orooked  river  drains  a  part  of  the  west- 
e.rn  part  of  Bay  county  extending  about  15  miles  west  of  the 
limits  of  the  quadrangle.  The  older  phase  of  its  flood  plain 
is  fairly  well  developed.  There  Is  not  so  great  a  difference  in 
elevation  of  the  two  phases  of  its  flood  plain  as  on  the  other 
forks  of  the  same  streams. 

The  Middle  Fork  of  Crooked  river  is  the  largest  of  the 
three.  It  drains  a  large  area  of  territory  extending  northwest- 
ward in  a  wide  belt  to  the  vicinity  of  Lathrop  in  Ollnton  county, 
about  35  miles  northwest  of  Bichmond. 

The  Bast  Fork  of  Orooked  river  drains  an  area  reaching 
about  8  miles  north  of  the  area  of  the  quadrangle.  The  two 
phases  of  the  flood  plains  are  better  developed  and  have  a 
great  difference  of  elevation  along  this  stream  than  were  seen 
on  the  others.  They  are  well  shown  near  Millville  and  north- 
ward. 

FOBBSTBY. 

The  greater  part  of  the  area  was  originally  covered  with  a 
growth  of  timber.  This  included  nearly  all  the  area  covered 
by  loess,  the  floodplains  of  the  streams,  excepting  the  swampy 


264  RICHMOND   QUADBANQLB. 

portiooB,  and  all  the   rngged  land  in  the   neighborhood  of 
the  Bethany  eecarpment. 

The  principal  forest  trees  now  growing  within  the  area 

are: 

RedoalE.  Querctu  rubra.  , 

Black  oak,  Q.  Hnctoria. 

Pin  oak,  Q.  p€Uti9trii. 

Laurel  oak,  Q.  imbricaria. 

White  oak.  Q.  alba. 

Post  oak,  Q.  atellata. 

Bur  oak,  Q.  macrocarpa. 

Shell-bark  hickory,  Carya  alba. 

Bitter  nut  hickory,  C.  amara. 

White  heart  hickory,  C.  tometUota. 

Black  walnut,  Jvglam  nigra. 

White  elm,  Ulmut  Americana. 

Slippery  elm,  U.  ftUva. 

Ash,  FraxinuM. 

Linden,  TUia  Americana, 

Wild  cherry,  Prunue  Penntylvanica. 

Wild  black  cherry,  P.  SeroHna. 

White  maple,  Acer  d€uifcarpum, 

Cottonwood,  Popultu  monili/era. 

Sycamore,  Platanui  ocddentalit, 

Hackberry,  Celiis  occidentaUe. 

Mulberry,  Mores  rubra. 

Common  locust,  Robiniapteudacacia. 

Honey  locust,  OlediUchia  tricanthua. 

In  addition  to  these  there  are  a  great  number  of  shrnbs  and 
small  trees  sach  as  thorn,  several  genera  and  species  of  which 
occor ;  crab  apple,  wild  plnm,  buckeye,  horse  chestnut,  red-bud, 
pawpaw,  hornbeams,  hop-hornbeam,  dogwood,  persimmon  and 
a  great  abundance  of  willow. 

The  oaks,  excepting  laurel  and  pin  oaks,  are  at  present 
almost  wholly  confined  to  the  rugged  lands  along  the  Bethany 
escarpment  and  extending  back  into  the  plateau  a  short  dis- 
tance. Along  the  river  bluffs  and  the  more  elevated  portions 
of  the  loess  where  drainage  is  fairly  good  there  are  a  few 
groves  of  pin  and  red  oaks.  Laurel  oaks  grow  in  the  wet  lands 
of  the  river  and  creek  bottoms.  In  these  damp  places  it  is 
almost  the  only  tree.  The  predominant  oak  of  the  area,  except- 
ing on  the  wet  lands,  is  the  red  oak.  White  oak,  post  and  burr 
oak  are  very  scarce.    Hickory  is  not  very  abundant.    It  occurs 
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in  the  northera  part  of  the  area  on  the  residaary  hilleide  soils 
along  with  red  oak.  There  are  very  few  saggestions  of  '^hickory 
bottoms"  within  the  area;  flat,  wet  bottom  lands  with  a  ^'gombo" 
soil  in  which  hickory  and  pin  oak  are  the  predominant  trees. 
The  hickory  usually  occurring  in  such  places  is  the  white  heart 
variety,  0.  tomentosa. 

Elm  is  the  most  abundant  tree  occurring  on  the  better 
drained  portions  of  the  loess.  It  occurs  much  less  abundantly 
over  the  whole  timbered  part.  Black  walnut  occura  only  on 
the  well  drained  soils  either  on  the  loess  or  not.  It  is  not  an 
abundant  tree  anywhere  in  the  area  and  those  that  do  occur 
are  of  small  size.  The  limestone  soils  of  the  hillsides  seem  to 
be  their  favorite  habitat. 

Oottonwood  is  an  abundant  tree  in  the  Missouri  river  bot- 
toms and  occurs  less  abundantly  in  the  recent  flcodplaius  of 
the  other  streams.  They  rarely  occur  on  the  older  higher  flood- 
plains  of  the  smaller  streams.  The  recent  floodplains  of  these 
streams  seem  also  to  contain  too  much  clay  and  not  enough 
sand  for  them  to  thrive.  In  many  portions  of  the  Missouri 
river  floodplain  the>  are  the  only  tree.  They  are  the  most 
abundant  along  the  banks  of  the  stream  where  the  plain  is 
largely  sand.  Excepting  willow  they  are  the  first  growth  to 
take  possession  of  a  recently  formed  sand  bar  or  sandy  island. 
Sycamore  is  confined  to  the  river  valleys.  It  is  of  rare  occur- 
rence. It  occurs  most  abundantly  in  gravely  creek  bottoms 
but  they  find  very  few  such  places  in  this  area.  A  few  are 
found  far  up  on  Orooked  river  where  it  is  cutting  the  Upper 
Goal  Measure  limestones.  Linden  is  a  loess  soil  growth.  It  is 
not  very  abundant.  The  almost  exclusive  growth  of  the  re- 
cently formed  floodplains  along  the  lower  courses  of  the  larger 
secondary  streams  is  maple. 

Excepting  for  local  use  for  fuel  and  building  purposes  the 
timber  of  the  area  is  not  of  much  importance  commercially. 
There  are,  however,  small  areas  in  which  there  is  yet  some 
timber  which  can  be  made  into  lumber.    Along  the  Missouri 

G— 18 
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river  bluffs  west  of  the  moatb  of  Orooked  vlvet,  In  the  valley 
of  Orooked  river,  the  v&lle;  of  the  Misaonri  aloog  the  ooanre 
of  Orooked  river  north  of  he  Wabash  railroad  and  in  the 
ragged  portions  of  the  QOrthwestera  parts  of  the  area  there  is 
some  timber  still  standing,  thoagh  it  is  being  rapidly  cleared 
away. 


Figure  17— Dlitrlbutlon  of  roreit  ti 
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GEOLOGY. 

GB'irBBlL  STB1TIGBA.PHY   OF  THB  BBGION. 

The  rocks  exposed  witbiQ  the  area  of  the  Biohmond  sheet 
«re  all  sedimentary  rocks  and  belong  to  the  Oarboniferoas, 
Pleistocene  and  Recent  periods  of  geologic  time.  The  indu- 
rated rooks  are  all  Oarboniferoas  and  belong  to  the  middle  of 
the  three  great  divisions  of  the  rocks  of  that  period.  The 
base  of  the  series  is  not  exposed  anywhere  within  the  area  bat 
it  has  been  reached  in  one  or  two  drill  holes.  These  show  that 
it  lies  aboot  400  feet  below  the  lowest  rocks  exposed  in  the 
area.  The  rocks  are  a  part  of  the  Upper  Oarboniferoas  or 
Goal  Measare  series  of  Western  and  Northwestern  Missouri. 
For  the  whole  region  they  are  Ciksily  separated  on  lithologtc 
groQQds  into  at)oat  five  divisions. 

Each  division  is  based  npon  the  prevalence  of  some  one 
kind  of  rock.  Each  therefore  marks  a  stage  in  sedimentation. 
They  are  not  asaally  sharply  separated  from  each  other  so  that 
a  more  or  less  arbitrary  line  has  to  be  adopted.  They  are  all 
conformable  with  each  other.  This  series  of  conformable 
Upper  Oarboniferoas  rocks  is  succeeded  unconformably  in  the 
area  of  the  Bichmond  sheet  by  a  bed  of  sandstone  and  con- 
glomerate, presumably  of  Oarboniferoas  age. 

The  Upper  Oarboniferoas  rocks  of  Missouri  have  recently 
been  divided,  nnder  a  two-fold  classification,  into  the  Des 
Moines  or  lower  and  the  Missouri  or  upper  series. 

THB  DBS  MOINBS  8TAGB. 

The  main  subdivisions  of  the  Des  Moines  series  in  Mis- 
souri consist  of  the  Cherokee,  the  Henrietta  and  the  Pieasan- 
ton  formations. 

The  CheroJcee  ihales  lie  at  the  base  of  the  Upper  Oarbon- 
iferoua  rocks  of  Missouri.  In  southwestern  Missouri  more 
than  250  feet  of  the  formation  is  exposed.  Northward  along 
the  strike  of  these  beds  the  thickness  exposed  becomes  con- 
siderably less  than  that  amount.    The  formation  is  made  up  of 
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shales  and  sandstones  with  ooal  beds  and  an  oooasional  bed  of 
limestone  of  limited  areal  extent. 

The  Htnrietta*  formation  lies  immediately  over  the  Cher- 
okee beds.  It  consisLs  of  shales,  limestones,  sandstones  and 
clays.  It  is  given  a  separate  classification  on  aocoant  of  the 
limestone  beds  which  it  contains.  They  do  not  constitate  a^ 
greater  thickness  of  the  formation  than  any  other  rock,  bnt  on 
aocoant  of  their  greater  abundance  here  than  in  adjacent  for- 
mations and  their  greater  resistance  to  erosion  and  wide  geo- 
graphic distribution,  the  formation  deserves  separate  recog- 
nition. It  enters  the  state  from  Kansas,  where  each  limestone 
bed  has  received  a  separate  name,  in  the  western  part  of  Bates 
county.  It  trends  northeastward  through  Bates,  Henry,  John- 
son, Lafayette  and  Bay  counties,  beyond  which  it  has  not  yet 
been  traced  with  certainty.  Its  course  is  marked  by  a  line  of 
upland,  caused  by  the  greater  resistance  of  its  limestones.  Its 
thickness  averages  about  90  feet.  The  width  of  the  belt  of  ita 
outcrop  is  not  so  great  as  that  of  softer  rocks  of  equal  thick- 
ness, since  so  mqch  of  its  thickness  is  taken  up  in  hill  slope. 

The  Pleaaonton  Shales.  This  formation  is  one  of  the  best 
defined  and  most  persistent  formations  in  the  Upper  Carbonif- 
erous rocks  of  Missouri.  It  enters  the  state  from  Kansas  in 
the  southern  part  of  Oass  and  the  northern  part  of  Bates  coun- 
ties. It  trends  thence  northeastward  through  Johnson,  Lafay- 
ette, Saline,  Bay  and  Carroll  counties,  and  further  northward 
into  Iowa.  In  the  northern  part  of  Missouri  it  spreads  out  to 
greater  width  than  it  has  further  south.  South  of  the  Mis- 
souri river  the  width  of  the  belt  is  about  30  miles. 

The  formation  is  made  up  of  shales  and  sandstone.  There 
are  a  thin  bed  or  two  of  coal  and  an  occasional  concretionary 
limestone  a  few  inches  thick.  The  thickness  of  the  formation 
is  about  150  feet. 

THB  MrSSOURI  STAGS. 

The  Upper  Carboniferous  rocks  above  the  Pleasanton 
shales  have  not  been  subdivided.  They  include  the  Upper  Coal 
Measures  of  the  old  classification,  and  probably  the  Missouri 

*Geology  of  the  Calhoun  Sheet. 
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formation  of  the  recent  Iowa  claesification.*  In  this  paper  we 
are  concerned  with  the  lower  beds  of  the  formation  only.  The 
formation  as  a  whole  consists  of  limestones,  shales  and  sand- 
stones, with  occasional  clay  beds  and  a  thin  bed  or  two  of 
ooal.  None  of  them  are  thick  enough  to  mine  profitably  ex- 
cept locally.  Limestones  constitute  an  important  part  of  the 
formation.  Their  aggregate  thickness  ie  not  so  great  as  that 
of  the  shales,  jet  their  prominence,  on  account  of  their  supe- 
rior resistance  makes  them  an  important  element  in  the  for- 
mation. They  range  in  thickness  of  beds  from  a  few  inches  to 
as  much  as  30  feet.  In  the  lower  part  of  the  formation,  that 
part  with  which  this  paper  is  chiefly  concerned,  limestone  con- 
stitutes nearly  half  the  thickness  of  beds  exposed.  Higher  up 
in  the  foimation  shales  become  predominant.  The  limestones 
are  often  massive  and  extensively  quarried  for  construction 
material  at  many  places.  They  furnish  the  foundation  stone 
and  much  of  the  building  stone  for  the  cities  of  the  northwest- 
ern part  of  Missouri  and  the  northeastern  part  of  Kansas. 

The  shales  of  the  formation  are  chiefly  argillaceous  and 
bituminous  and  occasionally  sandy.  Sandstone  is  of  rare  oc- 
currence and  the  beds  are  thin.  The  thickness  of  the  whole 
series  in  the  s^ate  of  Missouri  is  stated  by  Broadheadf  to  be 
about  ],300  feet. 

To  recapitulate :  The  upper  Oarboniferous  rocks  of  western 
and  northwestern  Missouri  consist  of  a  series  of  shales  and 
sandstones  at  bottom  from  100  to  40(»  feet  in  thickness,  a 
•series  of  shales  and  limestones  overlying  this  about  90  feet 
thick.  This  is  succeeded  upward  by  another  shale  and  sand- 
stone series  about  150  feet  thick,  and  then  comes  the  great 
series  of  limestones  and  shales  of  the  Upper  Goal  Measures 
of  the  old  classification  which  has  a  thickness  in  Missouri  of 
about  1.000  feet.    Still  higher  beds  are  found  in  Nebraska. 


185. 


*Keyes:    Geol.  Sur.,  Iowa.    Vol.  I,  p.  86. 

tGeol.  Survey  of  Mo.    Heport  on  Iron  ores  and  Coal  Fields,  1872,  Part  II.  p. 
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YOUNGBB  SANDSTONBS. 

Under  this  head  is  incladed  certain  sandstones,  shales  and 
conglomerates  that  are  known  to  occur  at  several  places  in. 
the  Goal  Measures  of  Missouri.  They  lie  unconformably  upon 
the  underlying  beds  and  contain  iragments  of  them,  often  weU 
rounded.  Their  contact  with  overlying  beds  has  never  been 
discovered.  They  are  supposed  to  be  carboniferous  in  age,, 
though  younger  than  any  rocks  with  which  they  have  yet  been 
seen  in  association.  One  of  these  occurrences  is  fully  described 
in  the  report  on  the  Higginsville  Sheet,*  where  Winslow  has* 
shown  that  it  occupies  an  eroded  channel  in  the  older  rocks. 

PLBISTOOBNB. 

The  pleistocene  deposits  of  the  region  consist  of  glacial 
drift  in  the  northern  part  and  loess  along  the  Missouri.  The 
drift  reaches  a  maziam  of  probably  more  than  200  feet  m  the 
north  and  does  not  occur  at  all  in  the  southern  part  of  the- 
region.  The  loees  occurs  along  the  Missouri  river  and  reaches* 
a  maximum  of  probably  200  feet  in  thickness. 

The  £ecent  deposits  consist  of  the  river  bottom  alluvium- 
found  throughout  the  region. 

LOCAL  GEOLOGY. 

GBNBBAL  SEOTION. 

All  the  formations,  excepting  possibly  the  Cherokee  shales,, 
described  above  are  represented  within  the  area  of  the  Bich> 
mond  quadrangle.  Figure  5  is  a  general  section  of  the  rocks 
of  the  area  covered.  The  lowest  rocks  shown,  ih  fact  all  those 
below  the  underlying  limestone  of  the  Lexington  coal  bed,, 
were  not  seen  within  the  immediate  limits  of  the  Richmond 
quadrangle  but  they  were  seen  in  the  Missouri  river  bluffs  on 
the  south  side  of  the  river  and  only  a  few  miles  from  the  south* 
em  limit  of  this  area.  From  the  base  of  the  Warrensbnrg  sand- 

♦Mo   Gcol.  Survey  Vol.  IX,  p.  45. 1896 
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etone  downward  the  formatioiiB  occnr  over  the  whole  area 
with  great  regaUril;  in  thicknees  and  character.  In  slnkioK  a 
Bb&ft  at  an;  point  the 
rocks  enooantered  will 
be  foond  to  corree- 
pond  to  the  general 
sefition  very  cloael;. 
The  sbales  Ijlng,  in  the 
general  section,  be- 
tween the  oap-rock  of 
the  LeziitgtoD  coal  bed 
and  the  flrat  limeetone 
above  it  are  highly  cal- 
careons  and  in  some 
places  pasB  into  an 
impure  limeatoDe.  In 
each  cases  there  are  12 
to  15  feet  of  limestone 
immediately  overlying 
the  coal. 

The  Warren sbarg 
sandstone  is  placed 
above  all  the  coal 
measure  rocks  of  the 
area.  It  was  not  foand 
in  contact  with  the 
higher  rocks  of  the 
formation  but  the  fail- 
ure to  find  any  line  of 
QDOonformity  between 
these  and  the  lower 
or  therocksottbeRicb'  beds  Becms  to  iostifv 

Iranuta.  ■"  "^ 


BKCEKT. 

o 

TILL.  LOESH 

5 

X 

CS] 

ill 

AND  GRAY 

o 

J 

LOAUY 

Z) 

a. 

Ee] 

CLAY. 

o 

WAREEN3. 

STONE, 

d 

E 

01 

D 

O 

o 

5 

b. 

tsj 

z 

o 

o 

m 

m 

PLEAS AX  ■ 

•4 

cc 
0 

i 

TON. 

Qh 

o 

z 

cc 

5 

Ul 

a. 

E 

0. 

en 

3 

(ii 

Q 

HENRIETTA. 

muDd  QUBdrant{t«. 


sQch  an  interpretation 
of  its  position. 

The  formatioQB  occurring  within  the  area  are  shown  in  the 
following  table  of  formations: 
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Genozolc. 


Palaeozoic. 


Table  of  Formations, 


Uecent. 


Alluvium. 


Pleistocene. 


Gray  Loamy  Clay  and  Loess. 


Till. 


(?) 


CO 


Wairensburg  Sandstone. 


Missouri  Stage. 


Retliany  Limestone. 


Upper  Carboniferous 


•  I 


Des  Moines  Stage. 


Pleasant on. 


Henrietta. 


Cherokee     (?) 


STANDARD  LOOAL  SBOTIONB. 

The  apper  line  of  delimitation  of  the  Cherokee  Bbaleshas 
never  been  followed  in  detail  north  of  Henry  coanty.  It  is 
known  in  a  general  way  that  the  limeBtones  associated  with 
the  Lexington  coal  bed  in  Bay  coanty  correspond  to  the  Hen- 
rietta formation  of  Henry  and  Bates  connties,  bat  jast  where 
the  dividing  line  between  this  formation  and  the  Cherokee 
shales  lie  in  the  former  county  has  not  yet  been  determined. 
It  is  fairly  well  established  that  the  line  of  separation  lies  not 
far  beneath  the  Lexington  coal  bed.  There  are  no  data  at  hand, 
however,  that  give  any  indication  of  the  exact  distance  or  even 
the  approximate  distance,  so  no  attempt  is  here  made  to  estab- 
lish the  line. 

If  the  Cherokee  shales  oatcrop  in  the  area  of  the  Bich- 
mond  qaadrangle  at  all,  there  can  be  bat  a  few  feet,  and  these 
mast  occar  in  the  river  blatfs  in  the  extreme  eastern  part. 

At  the  eastern  side  of  the  qaadrangle  the  Lexington  coal 
bed  lies  less  than  40  feet  above  the  level  of  the  river  bottom 
and  no  rocks  are  exposed  below  it.  The  rocks  oatcropping 
within  the  area  of  the  qaadrangle  dip  gently  northwestward. 
They  are  not  otherwise  distarbed  from  their  original  position. 
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The  Atifrie  of  dip  is  so  small  that  to  the  eye  the  beds  appear  to 
be  horizontal.  The  Lexington*  coal  bed,  in  the  southeastern 
part  of  the  qaadrangle,  is  about  725  feet  above  the  tide  level. 
In  the  vicinity  of  Richmond,  12  miles  west,  it  is  aboot  700  feet, 
and  at  Sater's  shaft,  near  the  northern  line  of  the  sheet,  it  lies 
about  670  feet  above  the  same  level.  The  direction  of  steepest 
dip  is  apparently  west  of  north  and  the  amount  is  about  five 
feet  to  the  mile.  All  the  beds  are  conformable,  so  that  this  may 
be  taken  to  represent  the  average  dip. 

The  Henriatta  Formation.  This  formation  in  the  area  of 
the  Richmond  sheet  includes  the  series  of  limestones  and 
shales  which  are  associated  with  the  Lexington  coal  bed. 
Geographically  it  represents  a  small  part  of  the  area,  but  from 
an  economic  point  of  view  it  is  a  very  important  formation. 
It  outcrops  in  a  narrow  belt  along  the  bluffs  of  the  Missouri 
river  and  extends  up  the  valleys  of  the  larger  streams.  A  sec- 
tion of  the  formation  about  85  feet  thick  is  exposed  in  the  area 
of  the  sheet.  It  is  made  up  of  limestones  and  shales  with  one 
coal  bed  and  a  clay  bed.  From  20  to  30  feet  of  the  total  thick- 
ness is  limestone.  Section  I  compiled  from  the  record  of 
shafts  in  the  vicinity  of  Richmond,  and  from  outcrops  at  other 
places,  shows  the  general  relations  and  thicknesses  of  the 
rocks  of  the  formation. 

J.     Section  of  Henrietta  Formation, 

Fee^ 

1.  Limestone 6 

2.  Shale  and  Sandstone 30 

3.  Limestone 6 

4.  Shale,  highly  calcareous,  often  passlog  Into  limestone 8 

6.  Limestone 8 

6.  Shale,  clay  and  coal  CXfrtnpton  Coo/; 4 

7.  Limestone 5 

H     Shale about  15 

The  beds  of  this  formation  persist  in  character  and  thick- 
ness over  a  large  area  in  Ray,  Lafayette  and  Oaldwell  counties. 
They  have  been  studied  in  Lafayette  county  and  found  to  ex- 
tend over  the  northern  part  at  least,  with  no  significant  change 
whatever  excepting  that  the  calcareous  sbale,  number  4  of 
Section  I,  becomes  less  calcareous  southward.    The  persist- 
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enoe  down  the  dip  of  the  beds  is  apparently  not  so  great.  The 
indications  are  that  they  soon  change  in  character  in  this 
direction.* 

The  Pleasanton  Shales.  The  outcrop  of  this  formation  oc- 
cnpies  a  large  part  of  the  area  of  the  sheet.  It  occupies  all 
that  part  designated  as  part  of  the  Warrensburg  plain,  in  figure 
24  excepting  the  river  bottoms  and  a  narrow  strip  along  the 
bluffs  of  the  Missouri  river.  It  underlies  the  surface  of  at 
least  90  square  miles  of  the  quadrangle.  Tbe  thickness  of  the 
formation  is  about  160  feet.  It  is  almost  wholly  made  up  of 
sandstones  and  shales.  The  sandstones  graduate  into  sandy 
shales  and  these  into  clay  shales  along  the  strike  of  the 
beds.  There  are  one  or  two  thin  beds  of  coal  in  the  forma- 
tion, none  of  them  more  than  6  inches  thick,  but  they  are  not 
persistent  in  thickness  over  the  whole  area.  The  beds  change 
along  the  strike  so  rapidly  that  the  horizon  of  any  particular 
bed  cannot  be  traced  very  far. 

A  general  section  of  the  formation  compiled  from  a  num- 
ber of  outcrops,  wells  and  shafts  at  different  places  in  the 
area  of  the  sheet  is  about  as  follows : 

IL     Section  of  Pleasanton  Formation, 

Feet. 

1.  Shale,  argillaceous,  reddish 20 

a.  Shale,  sabdy  and  argillaceous,  brown  and  yellowish 80 

8.  Coal Va 

4.  Shale,  sandy 25 

5.  Sandstone 5 

6.  Shale,  blue  and  red,  argillaceous 80 

All  tbe  beds  are  soft.  They  are  consequently  easily  eroded 
and  the  area  of  their  outcrop  is  a  lowland  nearly  down  the 
grade.  They  readily  decompose  so  that  they  are  covered  with 
a  deep  soil.  The  area  underlain  by  them  is  the  seat  of  the 
agricultural  wealth  of  the  region.  They  were  worn  down  so 
low  before  the  glacial  invasion  of  the  region  that  their  surface 
received  a  thick  coating  of  the  loess  or  waterlaid  drift  which 
constitutes  the  best  soil  of  the  state.  Nearly  the  whole  of 
their  surface  is  unde**  cultivation.    In  some  places  in  the  area 

*\.  Wlnslow,  Mo.  Geol.  Sur.,  Prelim   Keporc  on  Coal.  p.  ill. 
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of  the  sheet  a  Bix-inoh  bed  of  coal  forms  the  top  member  of 
the  series.  It  is  often  concealed  bat  it  appears  to  be  rather  a 
persistent  member,  not  only  here  bat  elsewhere  in  western 
Missonri. 

The  MxBsourian  Series.  The  rocks  belonging  to  this  for- 
mation occapy  the  aplands  of  the  northern  and  northwestern 
parts  of  the  sheet,  with  a  few  oatliers  in  the  vicinity  of  Rich- 
mond and  in  the  divide  between  Crooked  river  and  Wakenda 
creek.  The  formation  is  made  np  of  abont  equal  thicknesses 
of  limestooe  and  shale.  The  limestones  occur  in  strata  from  3 
to  8  feet  thick  and  occasionally  in  massive  beds.  They  are  the 
most  resistant  rocks  in  the  region,  and  their  fragments  cover 
the  hillsides  and  lie  in  the  beds  of  the  ravines  in  great  abund- 
ance. They  are  highly  fossiliferous,  though  the  fossils  are  not 
easily  worked  out  of  the  matrix  without  breaking  them.  They 
are  relatively  pure,  are  usually  fine-grained  and  bluish  in  color 
and  are  occasionally  subcrystalline. 

The  shales  are  argillaceous  and  sandy  and  occasionally 
bituminous. 

Section  III  is  a  general  section  of  the  rqpks  of  this  for- 
mation which  occur  within  the  limits  of  the  Richmond  sheet. 

III.    Section  of  Missourian  Beds. 

Feet. 

1.  Shale .  10 

2.  Limestone 8 

a.  Shale 10 

4.  Limestone;    12 

B.  Shale 16 

6.  Limestone 6 

The  PFarrensburg  Sandntone,  In  the  Missouri  river  bluffs 
on  the  county  line,  in  the  southeastern  corner  of  the  sheet,  is 
an  exposure  of  sandstone,  conglomerate  and  limestone,  showing 
a  clear  unconformity  between  the  sandstone  and  conglomerate 
and  the  underlying  limestone.  The  exposure  lies  just  at  the 
western  edge  of  the  sandstone  belt  and  shows  a  very  coarse 
red  sandstone  containining  pebbles  of  limestone  exactly  simi- 
lar to  the  coal  measure  limestone  near  it.  Tongues  of  a  coarse 
conglomerate  made  up  almost  entirely  of  limestone  pebbles, 
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most  of  them  bein^  water-worn  pieces  of  the  foBsil  cbsBtetes 
maltipora,  extend  into  the  sanddtone.  The  actual  contact  be- 
tween the  limestone  and  the  conglomerates  was  not  seen 
though  they  were  exposed  within  a  few  feet  of  each  other. 
Figure  24  from  a  sketch  made  at  the  locality  is  a  diagrammatic 
section  of  the  outcrop. 


Figure  29. 

This  is  the  only  exposure  of  this  kind  seen  within  the  lim- 
its of  the  sheet.  East  of  this  several  miles  a  sandstone  is 
quarried  in  the  Missouri  river  bluffs.  North  of  this  within  the 
area  of  the  quadrangle  no  rocks  are  exposed  excepting  super- 
ficial material.  We  feel  justified  in  correlating  this  with  the 
Warrensburg  sandstone  described  in  the  report  on  the  Hig- 
ginsville  sheet*  of  this  survey  and  also  in  the  report  on  the 
Lexington  quadrangle  which  lies  immediately  south  of  the 
Richmond.  Its  distribution  beneath  the  floodplain  of  the 
Missouri  river  is  purely  hypothetical.  No  data  whatever  are 
at  hand  showing  where  it  exists  and  where  it  does  not  exist. 

Pleistocene  Depoeite, — The  Pleistocene  deposits  of  the  area 
include  the  drift  and  the  loess.  There  are  few  places  in  the 
area  of  the  sheet  where  drift  occurs.  No  occurrence  of  typi- 
cal till  has  been  noticed.  There  are  a  few  places  in  which  a 
yellowish  clay,  filled  with  well  rounded  northern  pebbles,  is 
found.  There  are  no  deposits  of  subangular  bowlders  such  as 
characterize  the  drift  of  the  northern  states.  Small  beds  of 
sand  occur  occasionally. 

The  loess  is  the  most  important  of  the  post  Paleozoic  for- 
mations.   It  covers  all  the  area  of  the  Warrensburg  plain  lying 
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within  the  sheet  to  a  coQsiderable  depth.  Todd*  states  that 
the  thickness  reaches  a  maximum  of  nearly  100  feet.  He  states 
that  it  occurs  on  the  highest  uplands  of  the  area  though  its 
thickness  is  not  great.  It  is  a  brown  loam  here  as  elsewhere 
in  the  state.  Its  general  characteristics  have  been  described 
so  often  that  there  is  no  necessity  of  repeating  the  description 
here. 

Alluvium.  Alluvium  occurs  in  the  floodplains  of  all  the 
larger  streams.  It  forms  a  considerable  proportion  of  the 
total  area  of  the  quadrangle.  It  exhibits  two  phases,  an  older 
and  higher  one,  and  a  newer  and  lower.  The  older  phase  con- 
stitutes by  far  the  larger  area.  The  greater  part  of  the  flood- 
plains  of  Crooked  river  and  the  Missouri  are  made  up  of  it. 
The  newer  phase  occurs  only  as  a  rather  narrow  fringe  on  each 
side  of  the  present  stream  channels.  The  older  phase  is  a 
dark  sticky  clay,  too  close  in  texture  to  allow  good  drainage. 
It  is  the  gumbo  of  the  farmer.  The  younger  phase  is  coarser 
in  grain,  is  more  porous,  and  lies  10  feet  lower  than  the  other. 
The  older  phase  is  usually  treeless,  while  the  newer  is  always 
heavily  timbered.  The  thickness  of  the  older  phase  on  Orooked 
river  is  as  much  as  25  feet  and  may  be  more  since  its  base  has 
been  seen  nowhere. 

DETAILED   DBSORIPTION   OF  DATA. 

Outcrops  along  the  Missouri  river  blufifs  and  in  township 
52  N.,  ranges  26,  27  and  28  W. 

The  lowest  beds  exposed  within  the  area  outcrop  along 
the  bluff  in  the  eastern  part  of  the  sheet.  Most  of  the  sec- 
tions described  by  Mr.  Locke  and  recorded  in  a  manuscript 
now  in  the  survey  ofBce  will  be  copied  here.  Most  of  them 
are  from  localities  along  the  bluffs. 
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Jf  F.    Record  of  Outcrop 

(Ne.  i  of  8w.  i  of  section  13,  township  52  N.,  range  26  W.) 
From  J.  Looke. 

Base  of  ontcrop  is  aboat  690  feet  A.  T. 

Feet. 
IfUerval/rom  top  of  Plecuanton  Shale$ ^ 140 

1.  Concealed       25 

2.  Llmstone,  fine  grained,  array  with  a  decided  greenish  tinge. 

Weathers  into  shelly  pieces 2 

3.  Concealed 19 

4.  Limestone,  hard,  rather  flne-gralned,  bluish  gray  and  gray 

decomposing  to  a  buff  color.    Chaetetes  abundant   5 

5.  Shale,  argllio  calcareous  with  thin  Irregular  beds  of  Impure 

blue  and  light  buff  limestone.  Contains  Chonetes  mesoloba 
and  Ch.  Flemlngl lOMj 

6.  Limestone,  dark  blue,  weathering  buff 2>^ 

7.  Shale,  bituminous,  sometimes  entirely  wanting  s is 

8.  Coal ,  bituminous,  with  a  2-lnch  seam  of  clay  five  Inches  from 

the  top  (Lexington  bed) 1  to  2 

9.  Clay 1 

10.    Concealed 18 

Aboat  1,200  west  of  the  last  locality  Mr.  Locke  measured 
the  following  section : 

SBOTION  Y. 

Record  of  ontcrop  (Nw.  }  of  the  Sw.  i  of  Section  13,  Town- 
ship 52  N.,  Range  26  W.).    From  J.  Locke. 

Bottom  of  Section  is  aboat  690  feet  A.  T. 

Feet. 
Interval  from  top  of  Pleaeanton  formation 136 

1.  Concealed 28 

2.  Limestone,  gray,  with  greeclsh  tinge,  becomes  shelly  on  ex- 

posure (  Top  of  Henrietta  Formation)  12 

3.  Concealed 32 

4.  Limestone,  bluish  gray 4 

6.    Concealed  on  which  were  found  fragments  of  rock  similar  to 

No   6  of  Section  IV 

6.  Limestone,  hard,  blue  2K 

7.  Shale,  bituminous \u 

8.  COdi\  ( Ltxington  bed) 1  to  2 

9.  Clay 2 

10.    Concealed   8 

A  short  distance  farther  west  Mr.  Locke  foand  the  same 
rocks  exposed.    Here  he  states  that  the  place  of  No.  6  of 
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Section  lY  is  sometimes  taken  by  a  bed  of  a  clay.    He  also 
states  that  where  the  shale  of  No.  7  thins  the  coal  thickens. 

In  the  W.  i  of  the  Ne.  i  of  the  Be.  i  of  Section  14, 
Township  52  N.,  Range  26  W.,  Mr.  Locke  measnred  the  fol- 
lowing section : 

VL    Record  of  Outcrop, 

Feet. 
Interval  from  top  of  Pleatanton  Shale$,  about )00 

1.  Concealed,  aboat S5 

2.  LtmestoDe,  earthy,  gray,  with  olive  tinge,  shelly,  weathers 

to  a  bluish  color 1 

3.  Concealed 2 

4.  Sandstone,  brown 11 

6.    Concealed 7 

6.  Limestone,  gray,  with  greenish  tinge  (Top  of  Henrietta  fortna- 

turn) 2 

7.  Concealed 20 

8.  Limestone,  hard,  bluish. gray  and  gray 4 

9.  Shales,  arglllo- calcareous  with  beds  of  Impure  limestone 11 

10.  Limestone,  dark  blue  2K 

11.  CoAl  (Lexington  bed) IH 

12.  Concealed 6 

Since  Mr.  Locke's  report  was  written  a  shaft  has  been 
sank  near  the  middle  of  the  east  line  of  section  15,  township 
52,  N.  range  26,  W.  It  is  now  operated  by  Mr.  W.  Evans.  He 
reports  the  following  record  : 

VIL    Record  of  W.  Evan^e  Shaft. 
Top  of  shaft  is  about  770  feet  A.  T. 

Feet. 
Interval  from  top  of  Pleaeanton  Shale$,  about 120 

1.  Superficial  material 30 

2.  HoclL  (  Top  of  Henrietta  formation) 1 

8.    Shale,  argillaceous 6 

4.  Sandstone 8 

5.  Limestone 2 

«.    Shale 6 

7.  Limestone 17 

8.  Shale,  black  (fissile K 

9.  Coal  (Lexington  bed) >i-2 

10.  Clay 2-4 

West  of  this  the  slope  of  the  blnff  becomes  gradual  and 
is  covered  with  a  mantle  of  loess  which  hides  the  underlying 
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Paleozoic  rooks.  On  the  soath  side  of  the  hill  in  the  northern 
part  of  section  25,  Township  52,  N.  Baage  27,  W.  a  limestone 
is  exposed  aboot  15  or  20  feet  above  the  level  of  the  flood- 
plain  of  Orooked  river.  We  correlate  it  with  the  cap-rock  of 
the  Lexington  coal  bed. 

In  the  S.  W.  i  of  Section  26,  Township  52  N.,  Range  27, 
W.,  the  Lexington  coal  was  miaed  several  years  ago  in  the  bank, 
of  Orooked  river.  ^Southward  and  westward  along  the  blnfifs 
from  this  place  the  coal  was  not  seen  nor  any  of  the  rocks  as- 
sociated with  it.  Its  horizon  line  has  been  placed  on  the  map 
bnt  it  was  done  on  the  assumption  that  it  lay  at  about  the  same 
elevation  as  at  its  last  outcrop  to  the  east.  It  is  exposed  at 
the  Bankioe  mine  a  short  distance  along  the  bluff  southwest 
from  where  they  cross  the  southern  line  of  the  sheet. 

In  the  8.  E.  i  of  the  S.  E.  i  of  Section  29,  Township  52, 
N.,  Range  27  W.,  the  coal  was  reached  by  a  shaft  at  the  time 
of  Mr.  Locke's  examination  of  the  region.  The  record  is  as 
follows : 

VIIL    B'eoord  of  Shaft    From  J.  Locke, 

Feet. 
Interval  from  lop  of  Pleasanton  ihaUs  about 125 

1.  Soil  and  subsoil a 

2.  Sandstone,  at  lower  part  passing  Into  sandy,  then  argillaceous 

shales      26 

8.    Limestone,  bluish,  gray,  weathers  to  a  ferruginous  stained 

buff  (top  of  Henrietta  formation) 4 

4.    Shale,  argillaceous,  drab  8 

6     Limestone,  top  part  contains  thin  strata  of  shale  like  No.  4. 

The  upper  four  leetare  of  a  bluish  gray  color,  the  lower 

three  feet  being  blue 7 


U 


6.  Shales,  bituminous 

7.  000.1  (Lexington  bed) i    . 

8.  Clay   2^3 

Shaft  No.  6  of  the  Richmond  Goal  Company  is  located  in 
the  8.  W.  i  of  the  S.  W.  i  of  Section  31,  Township  52  N. 
Range  27  W.  It  was  abandoned  several  years  ago  bnt  the  fol- 
lowing record,  copied  from  Prof.  Broadhead's  report,  was  ob- 
tained from  Mr.  Haghes  when  the  shaft  was  in  operation.  It 
is  as  follows : 
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IX     Record  of  Shaft  No.  6*,  from  0,  0,  Broadhead, 
Top  of  shaft  is  aboat  790  feet  A.  T. 

Feet. 
Interval  from  top  of  Pleaaanion  8kaleSt  abovU 100 

1.  Soil 2 

2.  Clay 12 

».    Sandstone   4 

4.  Shale,  blue 9 

5.  Shale,  red 16 

6.  Limestone  and  flint  ( ?)  (top  of  Henrietta  formation) 5 

7.  Soapstone  and  slate 2\* 

8.  Sandstone,  white  6 

9.  Lime  and  sandstone 5 

10.  Soapstone 8 

11.  Slate 

12.  Fireclay 2 

13.  Flint  rock  f<« /»/ii«»/one; 5^i 

14 .  Shale 

15.  Slate ' i 

16.  Limestone,  dark  gray 5 

17.  Slate   14 

is'  OoslX  (genevBiWy  2 teBt)  (Lexington bed) 2U 

19.  Fireclay  (6  to  8  Inches) 1>,2 

The  records  of  shafts  Nos.  3, 4  and  5  reported  to  the  writer 
by  Mr.  John  Gibson,  the  superintendent,  show  the  same  rooks, 
excepting  the  absence  of  the  top  beds  on  acconnt  of  their  loca- 
tion on  lower  ground. 

The  shale  No.  17  is  not  aniformlj  three  inches  thick.  It 
varies  often  in  the  same  mine  from  nothing  np  to  abont  8 
inches.    The  coal  varies  in  thickness  also  but  not  very  much. 

About  600  feet  southwest  of  shaft  No.  6  a  new  shaft  was 
sunk  during  the  summer  of  1894  by  the  Diamond  Goal  Gom- 
pany  of  Richmond. 

At  the  time  of  the  last  visit  to  the  region,  June,  1894,  it 
was  down  to  a  depth  of  65  feet.  The  owners  expected  to  strike 
the  coal  at  about  20  or  25  feet  lower.  The  limestone  No.  6  of 
the  last  section  was  struck  here  at  a  depth  of  25  feet  and  was 
5  feet  thick.  Below  this  were  22  feet  of  sandy  micaceous 
shales  and  soft  sandstones. 

Underneath  this  the  shaft  had  passed  through  12  feet  of 
agillaceons  shales  and  was  still  in  them. 

a— 19 
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Shaft  No.  7,  operated  by  Hnbbell  and  Go.  of  Kichmond,  is 
located  in  the  N.  E.  i  of  the  N.  E.  i  of  Section  36,  Townehip 
62  N.,  Range  28  W.  The  following  record  was  reported  to  the 
writer  by  Mr.  John  McOart,  the  superintendent : 

X    Record  of  Shaft  A  o.  7. 
Top  of  shaft  is  about  800  feet  A.  T. 

Feet. 
Interval/rom  top  of  Pleatantcm  shales,  €U>out 76 

1.  Soli  and  clay 23 

2.  Shale,  red 4H 

8.    Shale,  blue 11 

4 .  "Hard  rock , * '  bl u I s li  (limestone)  (top  of  HenHelta  formation) 4 S 

6.  Shale,  blue 30 

6.  "Hardrock" 4 

7.  Shale 16 

8.  Limestone  cap  rock 7 

9.  Oo&\  (Lexington  bed) 2  1-6 

10.  Clay 1^ 

It  will  be  noticed  in  comparing  sections  IX  and  X  that 
No.  6  of  the  former  corresponds  to  No.  4  of  the  latter,  that  the 
interval  between  Nos.  6  and  13  of  the  ftormer  and  4  and  6  of 
the  latter  is  about  the  same  in  both,  but  that  the  interval  thence 
to  the  Lexington  coal  bed  is  12  feet  in  the  former  and  22  feet 
in  the  latter.  Whether  this  is  dne  to  an  error  in  reporting  the 
records,  or  represents  the  facts  we  cannot  say.  The  following 
record,  however,  should  be  of  more  anthority  on  the  particular 
locality  in  which  it  is  located  than  either  of  the  last,  even  for 
their  locality.  It  is  of  Shaft  No.  12  sunk  recently  by  the  Bich* 
mond  Goal  Company.  It  is  located  just  outside  the  limits  of 
the  sheet  on  the  railroad  about  two  miles  west  of  Richmond* 
The  record  was  kept  by  Mr.  Gibson,  the  superintendent,  and 
reported  to  the  writer  by  Mr.  Ferguson  of  the  company. 

XL    Record  of  Shaft  No.  K\ 
Top  of  shaft  is  about  815  feet  A.  T. 

Feet. 

*  Interval  from  top  of  Pleasanton  thalts,  about  60 

1  Superficial  material 16 

2.  Sandstone 14 

3.  Clay,  red 10 

4.  Shale,  blue IS 

6.  Shale,  red 17 
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Feet. 

6.  Limestone  (top  0/ Henrietta  formation)    8 

7.  Clay 6 

8.  Shale,  blae 19 

9.  Goal  streak 

10.  Clay 4 

11.  Limestone 6 

12.  Shale  and  clay 5 

13.  Limestone. 6 

14.  OotLl  (Lexington  bed) 2 

15.  Clay 2 

A  shaft  was  sank  dariDii:  ihe  past  snmmer*  at  the  roadside 
aboat  400  feet  southwest  of  the  bridge  across  the  west  fork 
of  Orooked  river  a  mile  north  of  Biohmond,  by  Messrs.  Dixon 
and  Stewart.  The  rocks  encoantered,  below  the  snperflcial 
material,  were  the  same  as  those  in  the  last  section  from  No. 
11  to  the  bottom  of  the  shaft.  The  limestone  corresponditig 
to  No.  6  of  the  last  section  is  exposed  in  the  road  about  25 
feet  above  the  top  of  the  shaft.  The  black  fissile  shale  be- 
tween the  cap-rock  and  the  coal  is  here  only  abont  two  inches 
thick.  The  same  parties  sank  a  shaft  a  few  hundred  feet 
soath  of  this  to  the  horizon  of  the  Lexington  coal  bat  found 
no  coal. 

North  and  northeast  of  Richmond,  south  of  the  line  be- 
tween Townships  52  and  53  the  surface  is  so  thickly  covered 
with  loess  that  exposures  of  indurated  rocks  are  very  rare. 

In  Section  2,  Township  52  N.,  Range  27  W.,  the  Lexing- 
ton coal  bed  has  been  operated  in  two  places  but  the  shafts 
are  so  shallow  that  no  Goal  Measure  rocks  above  the  cap-rock 
of  the  coal  bed  were  encountered. 

In  the  8.  W.  i  of  the  N.  E.  i  of  Section  22,  Township  52 

N.,  Range  27  W.,  the  following  section  was  measured  by  the 

writer  : 

XIL    Btcord  of  Outcrop, 

Top  of  section  is  about  725  feet  A.  T. 

Feet. 
Interval  from  top  of  PleataiUon  ihalety  about 200 

1.  Limestone 5 

2.  Coal,  with  a  very  few  inches  of  black  fissile  shale  atx)Ye  It. 

(Lexington  bed) 2 

8.    Clay IS 

4.    Limestone 8-4 

6.    Shale 


^Summer  of  1893. 
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In  the  N.  W.  i  of  the  N.  W.  i  of  Section  16,  Township^ 
52  N.,  BaDge.27  W,  is  a  well  in  which  a  hard  rock  was  straok 
at  a  depth  of  27  feet.  The  top  of  the  well  is  aboat  745  feet  A. 
T.  It  is  probably  the  cap-rock  of  the  Lexington  coal  bed. 
Half  a  mile  west  of  this  a  limestone  oatcrops  in  the  bank  of 
Orooked  river. 

SBOTIONS  IN  TOWNSHIP  53  N.,  BANGBS  26,  27  AND  28  W. 

In  the  eastern  part  of  Township  53  N.,  Range  26  W.,  very 
few  exposares  of  country  rock  occar.  The  country  is  covered 
with  a  thick  bed  of  loess  and  glacial  till.  Along  the  streams 
occasional  exposures  of  sandy  and  argillaceous  shales  and 
thin  sandstones  occur.  Toward  the  western  part  of  the  town- 
ship in  the  vicinity  of  Fox,  and  westward  the  limestones  of 
the  Upper  Goal  Measures  are  exposed.  The  details  of  the 
occurrence  of  these  limestone  beds  here  was  not  determined 
but  it  may  be  safely  assumed  that  they  dififer  in  no  material  re- 
spect from  the  same  beds  north  or  west  of  this.  In  the  N.  W.. 
i  of  Section  8  a  thin  bed  of  coal  was  struck  in  a  dug  well 
located  near  the  top  of  the  ridge. 

This  is  the  first  occurrence  so  far  of  the  Ovid  coal  which  ia 
placed  by  Broadhead  about  2  feet  below  the  top  of  the  Middle 
Goal  Measures.  It  is  about  six  inches  thick  and  outcrops  at 
many  places  north  and  west  of  this. 

In  the  next  township  west  of  this  the  rocks  of  the  Upper 
Goal  Measures  are  abundantly  exposed  in  the  steep  hollowa 
and  along  the  hills  limiting  the  plateau,  though  the  softer  beds 
of  the  Middle  Goal  Measures  are  generally  concealed.  The 
fact  that  they  are  generally  concealed  thereby  showing  their 
less  resistant  character  is  of  some  value  as  evidence  that  their 
character  is  essentially  the  same  as  in  the  vicinity  of  Rich- 
mond. 

In  the  road  running  westward  through  the  middle  of  the 
W.  i  of  N.  W.  i  of  Section  13,  Township  53  N.,  Range  27  W., 
the  following  succession  was  seen.  The  thickness  could  not 
be  made  out  exactly  but  the  succession  was  well  shown  and 
may  be  relied  upon. 
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XIIL    Record  of  Outcrop. 
Top  of  fiection  is  abont  910  feet  A.  T. 

Feet. 

1.  Concealed  from  hilltop 

2.  LliiiestODe»  fosslJiferous,  about 8 

8.    Shale  and  concealed ,  about 12 

4.  JAm^Btone  ( Bethany  FalU) 10 

5.  Concealed.. 14 

6.  Limestone.  ? 

Interval  to  top  of  PUaaanton  ekdle$ IB 

No.  2  oontains  a  great  nnmber  of  fossils  bat  they  cannot 
be  obtained  in  good  condition. 

No.  4  is  the  massive  spotted  limestone  known  in  some 
parts  of  northwestern  Missonri  as  the  '^  Spotted  rock."  It 
was  named  by  Broadhead  the  Bethany  Falls  limestone  on  ac- 
ooant  of  the  fact  that  Big  creek  flows  over  it  in  a  cascade  at 
Bethany  in  Harrison  ooanty,  Missonri.  It  is  one  of  the  most 
persistent  beds  in  northwestern  Missonri. 

It  is  known  to  oconr  in  many  oonntieSt  reaching  from  La- 
fayette, Oass  and  Johnson  counties  on  the  sonth  to  Harrison 
county  on  the  north  the  latter  being  one  of  the  northern  border 
counties  of  the  state.  It  maintains  almost  identically  the  same 
lithologic  character  along  this  whole  distance.  Westward  it 
has  been  traced  to  Kansas  Oity  and  a  short  distance  beyond 
but  beyond  this  the  dip  carries  its  horizon  below  the  drainage 
level  of  the  country. 

From  the  top  of  the  hill  about  IfiOO  feet  east  of  Millville 
to  the  bed  of  Crocked  river  at  the  bridge  in  Millville  the  fol- 
lowing rocks  were  seen.  The  thicknesses  are  determined  prin- 
•cipally  from  the  topographic  map : 

XIV.    Record  of  Outcrop. 
Top  of  section  is  about  8i^0  feet  A.  T. 

Feet. 

1.  Concealed 

2.  Limestone,  about 6 

8.    Shale,  about 12 

4.    Limestone,  about 7 

6.    Shale,  sandy  and  argillaceous 70 

6.  Concealed,  about 45 

7 .  Shale ,  sandy  with  Inter  bedded  thin  sandstone 25 
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The  top  of  the  Pleasanton  shales  is  at  the  base  of  No.  4. 
The  thin  bed  of  coal  marking  it  was  not  seen  in  this  section^ 
though  there  is  no  necessity  in  supposing  it  to  be  absent.  The 
rocks  immediately  overlying  it  coald  very  easily  have  hidden 
it.  It  is  exposed  in  the  road  in  the  N.  E.  i  of  Section  10,  Town- 
ship 43  N.,  Range  27  W.,  about  a  mile  and  a  half  north  of  Mill- 
ville. 

In  the  road  in  the  middle  of  the  8.  E.  i  of  Section  19,. 
Township  53  N.,  Bange  27  W.,  the  rocks  exposed  are  aboat  as 
follows : 

XV.    Record  of  Outcrop. 

T^op  of  section  is  aboat  910  feet  A.  T. 

Feet. 

1.  Concealed ,  atx)ut 10 

2.  Limestone,  about 8 

8.    Concealed,  about 12 

4.  Limestone  ^J3«<Aany  fo/to; 7 

5.  Concealed 16 

6.  Limestone i 

Interval  to  top  of  Pltatanton  Bhala 2 

The  concealed  intervals  may  be  very  safely  referred  to 
shale  beds. 

Where  the  road  crosses  the  branch  at  the  school  hoase 
aboat  a  mile  soathwest  of  this  place  a  sandstone  aboat  one 
foot  thick  is  exposed  in  the  channel. 

In  the  vicinity  of  Dockery  P.  O.  a  limestone  is  exposed  at 
an  elevation  of  about  750  feet  A.  T.  which  we  correlate  with 
No.  6  of  Section  XY. 

In  the  road  at  the  S.  W.  corner  of  the  N.  E.  i  of  section 
25,  Township  53  N.,  Bange  28  W.,  the  succession  is  about  as 
follows : 

XVI.    Record  of  Outcrop, 

Top  of  Section  is  about  880  feet  A.  T. 

Feet. 

1.    Limestone  

i.    Shale,  dark,  about 10 

8.    Limestone  (Bethany  Falls) .  about 8 

4.    sbale  and  concealed,  about 20 

The  base  of  this  outcrop  is  near  the  top  of  the  Pleasantoa 
shales. 
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Less  than  half  a  mile  soath  of  this  another  bed  of  lime- 
stone lies  abont  25  feet  below  the  equivalent  of  No.  3  of  this 
section.  We  correlate  it  with  the  limestone  lying  at  the  base 
of  the  Missonri  formation. 

The  interval  between  them  at  the  latter  locality  is  made 
np  of  argillaceons  shales  brown  and  reddish  in  color  the  latter 
oocarring  near  the  top,  the  former  lower  down. 

SBOTIONS  IN  TOVirN8HlP3  54  N.,  BANGBS  26,  27  AND  28  W. 

On  the  Hoss  land  in  the  8.  E.  i  of  the  S.  E.  i  of  Section 
22,  Township  54  N.,  Range  26  W.,  a  well  was  dag  throngh  the 
following  rocks  according  to  Mr.  Boss: 

XVII     Record  of  Dug  WelL 
Top  of  the  well  is  aboat  805  feet  A.  T. 

Feet. 
Interval  from  top  0/ Snittbar  shales 40 

1.  Soil  and  clay 21 

2.  Shales 42 

3.  Goal >a' 

4.  Shales 

The  well  digger  reported  a  layer  of  hard  rock  overlying 
the  coal.  If  so  it  is  probably  a  hard,  sandy  layer  of  the  shale. 
It  is  not  too  high,  however,  for  the  limestone  No.  6  of  Section 
XY  if  it  does  not  dip  northward.  There  is  no  coal  bed  ander 
it  near  Richmond  however. 

In  the  8.  E.  i  of  the  N.  E.  i  of  Section  35,  Township  54 
N.,  Range  26  W.,  the  following  rocks  are  exposed  in  the  road: 

XV III.    Record  of  Outcrop. 
Top  of  section  is  abont  900  feet  A.  T. 

Feet. 

1.  Concealed,  about   10 

2.  Limestone,  about u 

3.  Shale,  black,  about Vi 

4.  Limestone,  breaks  Into  rhomboldal  blocks,  fossil  If  erous H 

5.  Limestone,  weathers  to  buff  color 6 

6.  ^m\xX.  (top  of  Pleasanton  shales) i/t 

7.  Shales,  sandy 23 

8.  Sandstone,  about 2 

9.  Shale,  argillaceous,  exposed 26 
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In  the  8.  W.  i  of  the  S.  E.  i  of  Seciiou  13,  Township  54 
N.,  BaDge  27  W.,  is  a  shaft  on  the  Sater  land.  No  complete 
reoord  coold  be  obtained.  The  top  of  the  shaft  is  abont  25  or 
30  feet  below  the  base  of  the  Bethany  Falls  limestone  which 
is  well  exposed  in  the  sides  of  the  hollow  on  both  sides  of  the 
shaft.  The  following  record  was  patched  np  from  what  Mr. 
Sater  and  one  of  his  miners  remembered  of  the  rocks  passed 
through : 

XIX,     Record  of  the  Sater  Shaft, 
Top  of  shaft  is  819  feet  A.  T.  ( spirit  level ). 

Feet. 

1.  Soli  and  clay,  about 20 

2.  Shale 6 

3.  Sbale,  black 8 

4.  Shale,  red. 9 

6.  Shale  4 

6.  Sandstone 8 

7.  Limestone  and  shale  with  some  black  shale,  about 40 

8.  Sandstone 9 

9.  Limestone 5 

10.  Shale l>i 

11.  Limestone,  about 10 

12.  Shale,  black  nsslle lu 

13.  OoeL\  (Lexington  bed),  about 2 

14.  Clay 4 

The  top  of  the  shaft  is  near  the  top  of  the  Pleasanton 
shales. 

In  the  N.  £.  i  of  the  N.  E.  i  of  Section  36,  Township  54 
N.,  Bange  27  W.,a  deep  chnrn  drill  hole  was  bored,  abont  the 
year  1868,  for  oil.  No  record  conld  be  obtained  bat  there  is  a 
tradition  cnrrent  among  the  people  of  the  neighborhood  that 
a  bed  of  coal  was  strock  abont  150  feet  from  the  snrface  and 
another  one  abont  50  feet  below  this.  The  top  of  the  well  is 
within  a  foot  or  two  of  the  top  of  the  Pleasanton  shales,  here 
abont  840  feet  A.  T.  The  coal  is  therefore  about  690  feet  A.  T. 
The  coal  bed  in  Satei's  shaft  is  about  680  feet  A.  T.  The  first 
bed  struck  therefore  is  probably  the  same  as  Sater's  coal  which 
has  been  correlated  with  the  Lexington  coal  bed.  The  interval 
between  the  two  coals  in  the  drill  hole  corresponds  very  closely 
with  that  between  the  Lexington  and  Mnlky  beds  in  Lafayette 
county. 
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In  the  Ne.  i  of  the  Se.  i  of  section  32,  townsnip  54  N., 
range  27  W.,  the  following  rocks  are  exposed  in  the  bank  of 
Crooked  river  : 

XX.    Record  of  Outcrop  on  Crooked  River, 
Base  of  oatorop  is  aboat  855  feet  A.  T. 

Feet. 

1.  Sandstone »  Bhaly,  about 4 

2.  Shale,  becoming  darker  near  bottom,  about B5 

8.    Limestone,  dark  In  concretionary  masses Mi 

4.    Sbale,  blue 4 

No.  4  reaches  to  the  water  in  Orooked  river.  It  is  re- 
ported that  a  bed  of  coal  abont  6  inches  thick  is  exposed  in 
the  bed  of  the  river  when  the  water  is  low. 

At  the  middle  of  the  north  line  of  the  Ne.  i  of  section  18, 

township  54  K,  range  27  W.,  the  following  section  was  meas- 

nred: 

XXL    Record  of  Outcrop, 

Top  of  outcrop  is  aboat  875  feet  A.  T. 

Feet. 

1.  JjimeatonB  (Bethany  Falls) 16 

2.  Clay,  dark  (shale)  8 

3.  Shale,  black  fltsUe 3 

4.  Limestone IB 

6.    Clay Vi 

6.  Limestone,  highly  fosslUferous 1*6 

7.  Clay '» 

8.  Limestone  to  creek 1 

GEOLOGICAL  STRUCTURE. 

Concerning  the  stractare  of  the  area  there  is  very  little 
to  say.  Like  all  the  rest  of  Missonri  the  rocks  lie  essentially 
horizontal.  There  is  a  slight  general  dip  northwestward, 
amoanting  to  a  decline  of  abont  150  feet  from  the  southeastern 
corner  to  the  northwestern  corner  of  the  quadrangle.  A  few 
extremely  slight  nndnlations  are  shown  on  the  map,  bnt  they 
are  barely  perceptible. 

West  of  this  the  limestones  of  the  Missonri  formation  are 
exposed  in  every  ravine. 

The  details  are  rarely  shown  and  the  general  saccession 
is  so  uniformly  the  same  as  has  been  already  described  that 
further  description  is  unnecessary. 
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ECONOMIC    GEOLOGY. 

The  deposits  of  economic  importaaoe  at  present  within  the 
area  are  soils,  coals,  clays,  bnilding  stones  and  road  material. 

SOILS. 

The  soils  of  the  area  are  of  two  kinds,  residaary  and 
foreign. 

The  residaary  soils  are  confined  to  very  small  patches 
and  are  nnimportant.  They  occur  only  on  the  steep  hillsides 
of  the  northern  part  of  the  quadrangle  and  are  thin  on  acooant 
of  the  activity  of  erosion.  They  are,  however,  very  fertile 
when  of  soffioient  thickness  to  give  room  for  plant  roots.  The 
great  variety  of  the  underlying  rooks  and  the  fact  that  the 
larger  part  of  them  are  limestones,  will  explain  the  fertility  of 
these  soils.  Very  little  or  none  of  this  soil  is  nnder  the  plow ; 
the  land  being  too  ragged  and  steep  for  that  purpose  where  it 
occurs.  It  is  used  for  pasture  and  grasses,  especially  blue 
grass  which  grows  luxuriantly. 

The  foreign  soils  of  the  area  are  of  two  kinds  according  to 
their  origin ;  those  derived  from  alluvium  and  those  derived 
from  drift.  The  soils  derived  from  alluvium  constitute  rather 
an  important  part  of  the  area.'  They  include  all  that  part  of 
the  area  lying  within  the  Missouri  river  bottom  and  those  in 
the  floodplains  of  the  other  streams.  The  soils  of  the  Missouri 
river  bottoms  are  exceedingly  fertile  and,  where  they  are  well 
drained,  produce  heavy  crops  of  corn  or  wheat.  So  far 
no  strong  and  united  effort  has  been  made  to  drain  these 
lands  and  therefore  a  considerable  part  of  them  are  unculti- 
vated or  are  in  such  a  condition  that  the  yield  is  small.  As 
will  be  seen  from  the  map,  a  coni^iderable  strip  along  the  edge 
of  the  bluff  through  almost  the  whole  width  of  the  map  is  unfit 
for  cultivation  on  account  of  sloughs,  though  a  considerable 
portion  of  this  is  utilized  for  pasture.  The  soils  of  the  bettei* 
drained  portions  is  a  dark  sandy  loam  of  several  feet  in  thick- 
ness. That  of  the  poorly  drained  portions  is  a  black  "gumbo'' 
which  is  soft  and  sticky  when  wet  and  hard  when  dry.    The 
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iooreased  blaokDess  of  this  soil  is  dae  to  the  aocammalation 
of  only  partly  decomposed  vegetable  matter  whose  complete 
decomposition  is  prevented  by  the  water. 

A  very  small  part  of  these  lands  is  sabject  to  oveiflow 
even  during  the  times  of  high  water  in  the  Missoari  river. 
The  allavial  soil  of  the  lower  valleys  of  the  other  streams  is 
essentially  of  the  same  character  as  those  of  the  Missouri  river 
bottoms.  There  are  yet  considerable  areas  of  these  lands  un- 
cultivated on  account  of  laOk  of  drainage. 

The  soils  of  the  ^^ second  bottoms"  or  the  former  flood- 
plains  of  the  upper  course  of  Crocked  river  are  not  so  valua- 
ble  as  those  of  the  present  floodplains.  They  are  less  sandy 
and  though  higher  above  the  river,  the  drainage  is  no  better. 
They  are  underlain  by  a  light  colored  clay  which  prevents  suf- 
ficient under  drainage. 

Besides  the  lack  of  drainage  in  these  soils  they  do  not 
seem  to  have  the  chemical  constituents  of  a  fertile  soil.  In 
the  vicinity  of  Millville  and  southward  these  soils  have  been 
beneficially  modified  by  the  limestone  soils  washed  from  the 
adjacent  hills. 

The  soils  derived  from  drift  are  of  two  kinds.  Those  from 
the  drift  proper  or  till  and  those  from  loess. 

Those  derived  from  loess  are  the  most  important  both  in 
extent  and  fertility.  It  is  a  reddish,  porous  pulverulent  loamy 
and  generally  well  drained  soil.  It  is  the  source  of  the  agri- 
cultural wealth  of  the  area,  and  is  almost  all  under  cultivation. 
It  reaches  to  au  altitude  of  about  900  feet  A.  T.  and  covers  an 
area  of  about  100  square  miles. 

The  soils  from  the  drift  proper  occur  on  the  highlands  in 
the  northern  and  northwestern  part  of  the  quadrangle.  While 
they  are  not  so  fertile  as  those  from  the  loess  yet  they  consti- 
tute a  good  soil  where  there  is  a  good  thickness  of  them.  They 
are  clean,  easily  cultivated  and  very  well  drained.  They  con- 
stitute the  original  prairie  area  of  the  sheet.  These  are  only 
outlying  patches  of  the  great  stretch  of  drift  soil  prairie  ex- 
tending over  northwestern  Missouri.  During  the  last  few  years 
considerable  interest  has  been  manifested  in  drainage  and  a 
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considerable  amoant  of  UUdij:  has  beea  laid  aoder  limited  areas, 
each  as  a  line  passing  in  a  circle  aroand  the  head  of  a  little 
draw  in  the  loess  area.  This  has  been  an  experiment  bat  the 
result  has  been  so  favorable  that  we  may  expect  a  great  exten- 
sion of  the  use  of  tiling  in  the  fa  tare.  In  the  Missbari  river 
bottoms  tiling  will  have  to  be  ased  in  connection  with  ditching 
in  order  to  drain  the  soil  safficiently. 

GOAL. 

There  is  one  bed  of  workable  coal  known  to  nnderly  the 
greater  part  of  the  area  of  the  sheet.  This  is  known  as  the 
Lexington  bed,  so  named  from  the  town  of  Lexington,  aboat 
8  miles  soatheast  of  Bichmond  jast  across  the  Missouri  river. 
The  workings  are  all  located  along  or  near  the  edge  of  the 
floodplain  of  the  Missouri  river. 

There  are  four  or  five  small  openings  now  operated  in  sec- 
tion 13,  township  52  N.,  range  26  W.  They  are  all  drifts  and 
are  worked  only  for  local  domestic  consumption,  excepting 
two  of  them  which  are  owned  and  operated  by  the  Bay  Oonnty 
Goal,  Brick  and  Tile  Company.  The  coal  from  these  is  used 
for  steam  production  at  their  works  at  Lake  View  P.  O.  The 
easternmost  one  of  these  mines  is  operated  by  Mr.  Henry  Bog- 
ers.  He  states  that  the  coal  runs  from  12  to  22  inches  in 
thickness  but  it  is  oftener  12  inches  than  22.  It  is  very  irreg- 
ular in  thickness  at  all  these  mines,  not  only  does  the  top  coal 
run  out  and  coroe  in  again  but  the  bottom  coal  also  runs  down 
to  almost  nothing  in  places.  There  is  very  little  slate,  as  a 
general  thing,  the  top  rock  lies  directly  on  the  coal.  At  Buck- 
lin's  drift  in  section  16  the  section,  according  to  the  owner,  is 
about  as  follows : 

XXIL    Details  of  Coal  bed  at  BuckliiCs  coal  hank. 

Inches. 

1.  Limestone 

2.  Shale,  black  fissile 6 

8.  Goal » top  bench 6 

4.  Clay 2 

B.  Coal ,  bottom  bench 19 

6.  Clay 


• 
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At  Hoaston'd  bank  the  seclion  is  essentially  the  same  as 
at  Backlins. 

At  William  Evan's  shafc  in  the  eastern  part  of  section  16 
the  following  section  of  the  coal  bed  was  reported  by  the 
owner : 

XXIIL    Details  of  Coal  bed  in  Eean'9  Shaft. 

Inches. 

1.  Limestone 

2.  Shale,  black,  flsslle 8 

8.    Coal,  top  bench 6 

4.  Shale  parting... 8 

5.  Coal, bottom  bench 18 

6.  Clay 24to40 

Mr.  Evans  says  coal  often  runs  down  to  a  thickness  of 
only  six  inches. 

Farther  west  in  the  same  eection  two  drifts  are  now  oper- 
ated  one  by  Mr.  O.  L.  Smith  and  the  other  by  Mr.  W.  M. 
Phillips.  The  section  of  the  coal  at  Smith's  bank  reported  by 
the  owner  is  so  nearly  the  same  as  that  in  Evan's  shaft  that  it 
is  unnecessary  to  insert  it  here.  The  only  difference  is  that 
Mr.  Smith  reports  no  overlying  shale  between  the  coal  and  the 
cap-rook. 

A  drift  was  once  operated  about  600  feet  west  of  Smith's 
and  also  one  in  the  N.  W.  i  of  section  21,  township  52  N., 
Range  26  W.,  but  both  are  now  abandoned.  There  are  a  great 
many  more  openings  along  the  bluffs  that  have  not  been 
noticed  but  none  ot  them  were  in  operation  at  the  time  of 
inspection  (June,  1894.)  Many  of  them  are  worked  during 
the  winter  for  fuel  for  local  consumption.  The  most  important 
mines  within  the  area  of  the  sheet  are  in  the  neighborhood  of 
Richmond.  Three  coal  companies  mine  coal  on  a  large  scale 
for  shipment,  while  several  smaller  shafts  are  operated  for 
local  consumption. 

Shafts  ^bs.  3,  4  and  5  operated  by  the  Richmond  and 
Camden  Goal  Co.,  are  all  situated  on  the  St.  Joseph  branch  of 
the  Bante  Fe  B.  R.  and  all  near  the  center  of  section  6,  Town, 
ship  51  N.y  Range  27  W.  They  are  all  double  hoists,  operated 
by  steam  power  and  well  equipped  for  handling  the  coal.  A 
large  number  of  men  are  employed  during  the  whole  year. 
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The  oap-rock  of  the  coal  forms  an  excellent  roof  for  mining. 
There  is  very  little  slate,  running  from  nothing  to  3  or  4  inches. 
The  coal  bed  is  about  two  feet  thick,  occasionally  reaching  as 
much  as  27  inches.  It  occasionally  varies  slightly  in  thickness 
but  is  rarely  less  than  20  inches.  There  is  a  top  coal  of  from  3  to 
8  inches  and  a  bottom  coal  pretty  uniformly  18  inches  thick, 
separated  by  a  shale  band  about  2  inches.  An  analysis  of  the 
coal,  not  from  any  one  of  these  shafts  but  from  No.  6  situated 
in  the  S.  W.  corner  of  Section  31,  Township  52  N.,  Range  27 
W.,  now  abandoned,  was  made  by  Mr.  Ohauvenet  and  pub- 
lished in  the  Report  of  the  Survey  for  1872,  Part  II,  p.  67. 
It  is  as  follows: 

Water 8.15 

Volatile  matter 87. 60 

Fixed  carbon   46.85 

Ash 7.90 

Sulphur 4.17 

The  new  shaft  of  the  Diamond  Goal  Company  is  situated 
in  the  southeastern  corner  of  section  36,  township  52  N.,  range 
28  W.  It  was  sunk  during  the  past  summer  of  1894,  and  the 
owners  intended  to  commence  operating  the  mine  about 
August  1st.  It  is  a  double  hoist  shaft  and  is  equipped  with 
eteam  machinery  for  handling  the  coal.  It  was  the  intention 
to  start  with  a  capacity  of  about  100  tons  a  day.  A  spur  about 
dOO  feet  long  connects  the  shaft  with  the  railroad.  At  the  time 
of  inspection  the  shaft  was  not  down  to  the  coal. 

Within  a  mile  west  of  Richmond  along  the  railroad  are 
shafts  Nos.  7, 8,  9,  JO  and  11.  Owned  and  operated  principally 
by  local  capitol.  No.  7  is  a  steam-power,  double  hoist  shaft 
95  feet  deep,  owned  and  operated  by  Wm.  Hubbell  &  Company 
of  Richmond. 

No.  8  is  also  equipped  with  steam  hoisting  machinery  and 
is  owned  by  Mrs.  Wm.  Wilson.  No.  9  is  owned  and  operated 
by  the  Richmond  Goal  Company.  It  is  a  single  hoist  shaft 
and  has  horse-power  hoisting  machinery. 

No.  10  is  similarly  equipped  and  is  operated  by  the  Diamond 
Coal  Company,  while  No.  11  is  equipped  with  steam  hoisting 
machinery  and  is  owned  and  operated  by  Rckering  and  Son. 
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At  No.  10  the  following  seotion  of  the  ooal  bed  was  meas- 
ured by  Mr.  Winslow* : 

XXIV.  Details  of  Ooal  Bed  in  Shaft  No.  10  at  Biohmond. 

Inches. 

1 .  Limestone  (cap-rock) 

2.  Shale  (occasionally  present) 2-3 

8.    Coti\  (top  bench)  4-6 

I.    Shale,  parting 1-2 

5.  Coa.1  (bottom  bench) 18 

6.  Clay 14-20 

They  are  all  near  the  railroad  and  are  connected  with  it  by 
short  spars.  They  all  produce  coal  for  shipment.  It  is  shipped 
to  St.  Joseph  and  local  points  on  the  railroad  and  is  used  almost 
exclusively  as  a  steam  producer..  The  railway  consumes  a  con- 
siderable amount  in  locomotives. 

The  Diamond  Ooal  Company  operated  a  single  hoist  shaft 
in  the  northern  part  of  the  town  of  Richmond.  Its  output  is 
consumed  in  the  town  for  domestic  and  steam-producing  pur- 
poses. A  shaft  about  80  feet  deep  is  owned  and  operated  by 
Hasting  and  Douglass  in  the  eastern  part  of  Bichmond.  The 
details  of  the  coal  bed  according  to  a  miner  are  here  as  follows : 

XXV.  Details  of  Ooal  Bed  in  Hasting  and  Douglass*  Shaft. 

Inches. 

1.  Oap-rock  (Umettone) : 

2.  Ooal  (top  bench) 5-6 

3.  Olay,  parting 2 

4.  OOAl  (bottom  bench) 20 

6.  Clay 12 

The  coal  is  hoisted  by  horse-power  and  is  all  consumed  in 
the  vicinity. 

Mosely  and  Daugherty  operate  a  shaft  about  a  mile  east 
of  town  and  Pat  Walsh  one  about  a  mile  and  a  half  northeast 
of  town.  Both  are  operated  by  horse-power  and  the  product 
is  consumed  in  the  vicinity. 

During  the  past  summer  of  1894  a  shallow  shaft  was  sunk 
near  the  bridge  over  Crooked  river  about  a  mile  north  of  Bich- 
mond. It  is  owned  and  operated  by  Messrs.  Dixon  and  Stewart 
and  depends  upon  local  demand  for  the  disposition  of  its  output. 

^Report  Mo  Geol.  Survey.    Prelim.  Keport  on  Coal,  1H92,  page  ill. 


296  BlOHttlOND  QUADBANGLE. 

The  Bater  shaft  in  the  northern  part  of  the  sheet  near 
Ovid  post  office  is  operated  for  local  trade  only.  The  follow- 
ing section  was  reported : 

Inches. 

1.  Limestone 156 

2.  Sbale,  black,  flsslle 15 

3.  Coal 6 

4.  Shale a 

6.    Coal 16 

The  Lexington  coal  bed  according  to  the  evidence  gath- 
ered in  and  around  the  area  of  the  Richmond  sheet  may  be 
considered  to  anderly  the  greater  part  of  the  area.  It  has 
been  traced  along  the  bluff  from  near  the  eastern  side  of  the 
sheet  to  the  western  side.  It  was  not  traced  to  the  eastern 
limit  on  account  of  the  decrease  in  altitude  of  the  bluffs  which 
brought  their  top  below  the  horizon  of  the  coal  bed.  If  this 
were  not  the  case  it  is  probable  that  the  coal  would  be  cut  out 
in  the  area  of  the  sandstone  which  we  have  correlated  with 
the  Warrensbnrg  Sandstone  and  certainly  should,  if  our  cor- 
relation is  correct.  Toward  its  eastern  outcrops  the  coal  be- 
comes very  irregular  in  thickness  becoming  so  very  much  so 
that  in  many  places  it  is  unprofitable  to  mine  it.  It  is  not 
known  certainly  to  occur  on  the  bluffs  east  of  this  point  on 
this  side  of  the  Missouri  river.  On  the  south  side  of  the  river 
it  extends  stBv^ral  miles  east  of  this. 

For  the  northern  and  northwestern  part  of  the  area  we 
have  not  very  abundant  data  though  what  we  have  is  signifi- 
cant. Bater's  shaft  and  the  old  oil  well  two  miles  south  of  it 
show  its  presence  there  and  the  shaft  at  Oowgill  about  5  miles 
north  of  Oeorgeville  P.  O.  shows  its  extension  in  that  direc- 
tion. 

An  attempt  was  made  several  years  ago  to  sink  a  shaft  to 
the  coal  from  the  Crooked  dyer  bottoms  about  a  mile  south  of 
Taitsville.  The  shaft  was  sunk  to  a  depth  of  about  80  feet 
and  a  churn  drill  hole  was  bored  15  feet  deeper  from  the  bot- 
tom of  the  shaft.  It  is  reported  that  coal  was  struck  and  that 
it  was  30  inches  thick.  This  is  about  the  horizon  of  the  Lex- 
ington coal,  but  the  occurence  of  the  coal  seemed  to  be  more 
of  a  rumor  than  a  well  established  fact.    The  whole  work  was 
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^one  by  a  farmer.  The  facts  are  given  for  what  they  are  worth. 
Toward  the  eastern  part  of  the  sheet  on  the  northern  side  of 
the  area  the  coal  seems  to  disappear  again.  Several  years  ago 
a  shaft  was.  snnk  in  Mad  creek  valley,  about  a  mile  north  of 
Tinney's  Point  P.  O.,  situated  jast  outside  the  northern  boun- 
dary of  the  sheet  in  section  2,  township  54  N.,  range  26  W. 
The  top  of  the  shaft  according  to  the  reports  of  its  location  is 
about  760  feet  A.  T.  The  location  was  not  seen  by  the  writer. 
It  is  reported  that  at  the  supposed  hoiizon  of  the  Lexington 
coal  bed  only  2  inches  of  coal  was  found.  The  record  from  8  feet 
above  this  horizon  to  the  bottom  of  the  shaft  was  reported  to 
the  writer  by  a  miner  who  worked  in  the  shaft.    It  is  as  follows : 

XXVII.    Record  of  Old  Tinney's  Point  Shaft. 

Feet. 

1.  Limestone 8 

2.  Coh\(LtxingUmUd)  i^) 1-6 

8.    Clay i 

4.  Limestone 2 

5.  Shale.. 10 

6.  Sandstone 14 

7.  Shale,  black,  fissile 6 

8.  Coal K 

9.  Clay 8 

The  shaft  was  110  feet  deep  and  if  the  top  is  at  about  the 
elevation  given  above,  the  first  thin  coal  bed  is  a(  about  the 
horizon  of  the  Lexington  coal  bed. 

Due  north  of  Tinney's  Point  about  six  miles,  at  Braymer, 
a  drill  hole  was  pat  down  in  search  of  coal  but  none  of  work- 
able thickness  was  encountered  anywhere  near  the  horizon  of 
the  Lexington  bed. 

Taking  these  facts  into  consideration  it  seems  probable 
that  the  Lexington  coal  bed  thins  out  before  reaching  the  east- 
ern side  of  the  quadrangle.  At  least  the  evidence  is  of  such 
a  character  as  to  suggest  extreme  caution  in  investing  money 
in  shafts  in  this  part  of  the  area.  The  presence  of  the  coal 
should  be  proved  by  drilling  before  expensive  shafts  are  com- 
menced. 

Ooncerning  the  evidence  given  by  the  shaft  at  Tinney's 
Point  it  must  be  borne  in  mind  that  its  significance  hinges  on 
20— G 
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the  elevation  of  the  top  of  the  shaft.  If  its  top  is  more  than 
60  feet  above  where  I  have  placed  it,  its  story,  so  far  as  the 
Lexington  eoal  bed  is  concerned,  has  no  significance.  Mad 
creek  floodplain  north  of  Tinney's  Point  is  about  750 
feet  A.  T. 

Ooncerning  coal  beds  below  the  Lexington  bed  we  have 
the  data  furnished  by  the  old  oil  well  near  Ovid  in  which  a 
thin  bed  was  reported  about  50  feet  below  the  Lexington  bed. 
We  have  also  the  evidence  of  another  deep  drill  hole,  bore^d 
with  a  churn  drill  in  the  N.  E.  i  of  the  N.  E.  i  of  Section  34, 
Township  52  N.,  Range  29  W.,  several  miles  west  of  our  area. 
The  well  was  bored  for  oil  under  the  supervision  of  Mr.  H.  H. 
Beeson  who  reported  a  record  to  Broadhead*. 

In  this,  coal  occurred  in  the  borings  at  a  depth  of  about 
150  feet  below  the  Lexington  coal  bed;  but  Prof.  Broadhead 
says  the  coal  is  mixed  with  pyrite,  zinc  blende  and  carbonate 
of  lime. 

Again  coal  occurred  about  20  feet  below  this  but  was 
again  mixed  with  pyrite  and  blende.    Below  this  to  the  base 
of  the  Goal  Measures  no  further  occurrence  of  coal  was  re 
ported. 

The  top  of  a  thick  series  of  limestone  which  without  much 
doubt  are  Lower  Oarboniferous  in  age  was  struck  about  650 
feet  below  the  base  of  the  Bethany  Falls  limestone,  showing 
the  thickness  of  Goal  Measure  rocks  beneath  the  Lexington 
coal  bed  to  be  about  435  feet.  This  may  be  considered  the 
average  thickness  of  these  rocks  below  the  Lexington  coal  bed 
within  the  area  of  the  Richmond  quadrangle. 

Whether  the  occurrences  of  coal  noted  in  the  latter  drill 
hole  become  purer  and  are  of  workable  thicknesses  within  the 
area  cannot  be  stated.  The  evidence  is  not  of  a  totally  nega- 
tive character  and  need  not  be  considered  of  a  kind  to  dis- 
courage careful  prospecting. 

It  will  be  useless  to  go  deeper  than  about  450  feet  below 
the  Lexington  coal  bed. 

•Report  Mo.  IJeol.  Sur.,  isTi.    Iron  Ores  aud  Coal  Fields,  Tart  II,  p.  «4. 
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BUILDING  STONB. 

The  limestones  of  the  Upper  Goal  Measures  are  quarried 
in  the  vicinity  of  Bichmond  for  cellar  walls,  foundation  stone 
and  for  road  metal.  The  stone  occurs  in  beds  of  suflScient 
thickness  for  this  purpose  but  not  sufficient  for  dimension  stone. 
Stone  has  not  been  used  to  any  great  extent  for  building  pur- 
poses within  the  district.  The  towns  are  built  either  of  brick 
or  wood.  The  limestones  of  the  northern  part  of  the  quad- 
rangle are  proI:>ably  more  heavily  bedded.  They  have  never 
been  quarried  at  all.  Tbe  loose  flat  fragments  lying  abundantly 
over  the  hillsides  supply  all  the  demand  for  stone  by  the  farm- 
ers. None  of  the  sandstones  in  the  Pleasanton  formation  are 
hard  enough  for  good  building  stone.  The  limestones  associ- 
ated with  the  Lexington  coal  bed  are  no  better  for  building 
purposes  than  those  higher  up  in  the  series. 

OLATS. 

The  deposits  which  are  capable  of  being  used  for  the  man- 
ufacture of  clay  products  consist  of  shales,  underclay  of  the 
Lexington  coal,  loess  and  gumbo  of  the  river  bottoms. 

Shales*  There  seems  to  be  two  more  or  lesN  persistent 
beds  of  shale  in  the  Pleasanton  formation  which  could  be 
utilized  as  clay.  Neither  of  the  beds  have  been  so  used, 
though  the  character  of  the  deposit  leaves  little  doubt  as  to 
such  a  possibility.  One  of  tbe  beds  occurs  near  the  base  of 
the  formation.  It  was  penetrated  in  all  the  shafts  in  the  vicin- 
ity of  Bichmond  and  was  described  as  a  bed  of  blue  and  red 
shale,  the  upper,  or  blue  part  being  about  10  feet,  and  tbe 
lower  bed  being  about  15  feet  in  thickness. 

The  other  bed  lies  at  the  top  of  the  formation  and  consists 
of  a  reddish  or  purplish  clay  occnring  in  a  bed  about  20  feet 
thick. 

It  is  extremely  probable  that  other  beds  occur  locally  in 
this  formation  though  none  were  seen. 

Under  Clays.  Only  one  bed  of  this  kind  occurs  within 
the  area  of  the  sheet.    It  is  about  18  inches  thick  and  under- 
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lies  the  Lexington  coal  bed.  It  has  not  been  utilized  here 
thoagh  the  same  bed  has  been  used  in  the  mannfiftotare  of 
draintile  at  Oorder  in  Lafayette  coanty.  Its  oocnrrenoe  along 
the  river  blaffs,  at  a  considerable  depth  beneath  the  surface 
will  greatly  retard  its  development.  No  analyses  have  been 
made  of  this  bed  for  this  area  though  it  is  probably  too  cal- 
careous  for  use  in  the  manufacture  of  firebrick. 

Loess.  The  loess  occurs  abundantly  over  nearly  the 
whole  area  of  the  sheet  It  is  used  at  Richmond  for  the 
manufacture  of  building  brick.  It  pose^esses  its  usual  charac- 
teristics and  is  an  excellent  brick  clay. 

Oumbo*  Gumbo  clays  are  abundant  in  the  area.  They 
occur  in  the  floodplains  of  all  the  larger  streams.  The  supply 
in  the  Missouri  and  Orooked  river  valleys  is  inexhaustible. 
They  are  utilized  at  Hardin  for  the  manufacture  of  building 
brick  and  at  Norborne  a  few  miles  east  of  the  sheet,  they  are 
burned  for  railway  ballast.  They  have  been  used  for  the  manu- 
facture  of  draintile  at  Norborne  also. 

WATBB  SUPPLY. 

The  local  water  supply  comes  from  wells,  springs  and 
creeks.  Artesian  water  has  never  been  sought  The  nearest 
flowing  well  is  at  Olinton  in  Henry  county. 

The  creek  and  river  water  is  abundant  for  uses  to  which 
it  is  put.  It  serves  for  stock  water  only.  In  the  upper  branches 
of  Orooked  river  which  flow  over  the  limestones  of  the  north- 
western part  of  the  area  the  water  is  usually  clear.  Soon  after 
the  shales  of  the  Pleasanton  formation  are  entered  the  water 
becomes  muddy.  The  streams  are  down  to  grade  and  flow 
very  slowly  so  that  they  can  carry  only  the  finest  silt.  This 
is  furnished  abundantly.  Even  at  the  lowest  stage  of  the  water 
when  very  little  silt  is  carried  into  the  larger  streams,  the 
water  always  looks  dark.  This  is  due  not  altogether  to  the 
matter  in  suspension  but  is  due  partly  to  the  reflection  from 
the  muddy  bottoms  of  the  channel  in  which  the  streams  flow.. 
The  discoloration  does  not  render  the  water  unwholesome 
nor  unpleasant  to  the  taste. 
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Crooked  river  and  its  principal  branches,  and  Wakenda 
oreek  are  perennial  streams.  The  other  small  creeks  are  dry 
daring  the  greater  part  of  the  summer. 

Springs.  There  are  no  large  flowing  springs  in  the  county. 
At  numerous  places  there  is  a  slight  outflow  at  the  outcrop  of 
a  permeable  layer  of  rock.  The  principal  horizon  of  such  out- 
flow is  at  the  top  of  the  Pleasanton  shales.  These  beds  are 
usually  impervious  to  water.  The  rainfall  on  the  overlying 
limestones  percolates  downward  until  the  shales  are  reached. 
It  then  flows  along  their  upper  surface  to  where  they  outcrop. 
Such  places  are  usually  marked  in  springtime  by  bogs  in 
which  the  mud  is  too  soft  to  hold  the  weight  of  a  horse.  The 
outcrop  of  the  sandstone  beds  of  the  Pleasanton  formation 
is  indicated  in  the  same  way.  These  springs  if  they  may  be 
called  such,  do  not  furnish  sufficient  water  at  any  one  place 
for  the  formation  of  streams.  If  a  barrel  is  sunk  into  the  soil 
at  such  a  place  it  usually  fills  with  water  forming  a  "  gum  " 
spring.  Daring  the  dry  weather  of  the  late  summer  these 
places  dry  up. 

Wells.  The  domestic  water  supply  of  the  region  is  obtained 
almost  altogether  from  this  source.  A  small  percentage  is 
obtained  from  cisterns.  Where  the  superficial  deposits  are 
as  much  as  30  feet  deep  they  rarely  have  to  be  penetrated 
before  water  is  encountered.  When  water  is  not  obtained 
firom  these  deoosits  it  is  obtained  whenever  one  of  the  lime- 
stones of  the  region  is  struck  or  in  one  of  the  sandstones  of 
the  Pleasanton  formation. 

As  a  whole  pure  and  wholesome  well  water  is  very  easily 
obtained  anywhere  within  the  district.  It  usually  contains 
carbonate  of  lime  in  solution,  but  rarely  anything  else. 

OLAY    INDUSTRIES. 

The  local  clay  industries  consist  in  the  manufacture  of 
building  brick  at  Richmond  and  Hardin  and  of  draintile  and 
brick  at  Lake  View  postoffice.  About  500,000  bricks  are  manu- 
factured annually  and  are  used  to  sapply  the  local  demand 
only.    At  Richmond  the  loess  clay  is  used  entirely.     At  Ear- 
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din,  gumbo  is  osed.  The  Bay  Oounty  Olay,  Brick  and  Tile  Oom- 
pany  at  Lake  View  poBtoflQce  aees  loess  and  the  nnderclay  of 
the  Lexington  coal  bed  in  the  maDufactnre  of  brick  and  tile. 
This  company  has  erected  a  plant  of  considerable  capacity 
equipped  with  good  machinery  and  is  located  within  a  few  feet 
of  the  ontcrop  of  the  Lexington  coal  bed  and  its  under  clay. 
Loess  clays  occur  on  the  blufifs  at  the  works  and  gumbo  within 
a  few  hundred  feet.  They  are  favorably  located  for  the  use  of 
three  of  the  principal  kinds  of  clay  in  the  county. 

LIMB. 

Lime  is  not  manufactured  within  the  district.  The  lime- 
stones of  the  northwestern  part  of  the  area  as  well  as  those  of 
th€i  Henrietta  formation,  could  be  utilized  for  the  manufacture 
of  a  dark  but  otherwise  fairly  good  lime.  The  same  beds  are 
used  in  the  vicinity  of  Kansas  Oity,  and  other  beds  of  the  same 
character  at  St.  Joseph,  for  making  lime  for  local  use. 

SAND. 

The  supply  of  sand  is  not  important.  There  are  no  impor- 
tant beds  of  glacial  sand,  and  the  sandstones  are  too  argilla- 
ceous to  furnish  a  good  material  for  building  purposes. 

BOAD  MATERIAL. 

The  road  material  consist  of  burnt  gumbo  and  broken 
limestone.  Oravel  beds  do  not  occur  in  any  of  the  streams 
and  the  glacial  beds  are  too  thin  and  argillaceous  for  the  pur- 
pose. The  only  resource  excepting  burnt  gumbo  is  the  lime- 
stone beds.  These  as  already  shown  occur  in  great  abund- 
ance but  they  have  not  been  utilized  for  the  purpose.  Their 
utilization  would  require  considerable  expense  for  a  crusher 
and  for  quarrying,  so  that  the  cost  of  the  material  ready  for 
use  would  be  so  great  that  its  use  would  be  practically  pro- 
hibited. The  gumbo  can  be  burnt  much  cheaper  and  would 
probably  be  as  good  as  the  soft  limestone.  The  clay  and  the 
coal  for  burning  it  occur  in  great  abundance  and  close 
together.  The  subject  of  good  roads  has  not  been  agitated 
much  yet.  So  it  is  not  probable  that  either  of  these  materials 
will  be  utilized  for  road  making  for  some  time  to  come.    * 
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▲GBIOULTUBE. 

Agricnltareis  by  far  the  most  important  iu  capital  invested, 
the  number  of  men  to  whioh  employment  is  famished  and  in 
the  amoant  and  valae  of  snrplas  prodaet. 

The  soil  is  so  uniformly  fertile  over  the  whole  area  that 
there  is  not  a  definite  localization  of  the  varioas  branches  into 
separate  districts.  Indian  corn  is  the  staple  for  the  whole 
area.  Wheat  is  grown  to  a  considerable  extent  bat  it  is  of 
sabordinate  importance  to  corn.  A  corollary  to  the  com 
growing  branch  is  the  stock  raising  and  feeding  branch  of 
agricnltnre.  All  the  corn  produced  is  fed  to  stock  at  home. 
Large  amounts  of  it  are  imported  from  surrounding  areas  for 
feeding  also.  Oattle  and  hogs  are  almost  exclusively  the  stock 
raised  and  fed.  Feeding  stock  is  much  more  extensively  car- 
ried on  in  the  area  than  raising  it,  the  latter  branch  of  the 
industry  being  carried  on  where  land  is  not  so  valuable  for 
grain  growing  and  where  cheap  pasturage  can  be  had.  Except- 
ing  parts  of  the  Missouri  river  bottoms  and  small  areas  of 
broken  land  near  the  Bethany  escarpment  the  area  is  preemi- 
nently grain  growing. 

Vegetables  and  fruits  are  grown  for  home  consumption 
only.  The  soil  grows  vegetables  well  but  cost  of  transporta- 
tion to  market  is  too  great  to  encourage  their  cultivation  for 
city  markets. 

MINING. 

The  mining  industry  is  confined  principally  to  the  vicinity 
of  Richmond.  All  the  mines  producing  coal  for  shipment  be- 
ing located  there. 

Tne  mines  along  the  bluffs  near  the  eastern  side  of  the 
quadrangle  are  worked  for  local  domestic  consumption  only, 
excepting  for  what  coal  is  consumed  at  the  Tile  Works  at  Lake 
View  P.  O.  Sater's  shaft  in  the  northern  part  of  the  area  is 
worked  altogether  to  supply  the  local  demand  for  fuel. 
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DariDB  the  year  ending  Jane  30,  1893,  Bay  county  pro- 
daoed  319,405*  tons  of  coal,  a  large  part  of  it  being  from  the 
mines  near  Biohmond.  The  number  of  men  employed  averaged 
1083  during  the  winter  months  and  607  during  the  summer  sea- 
son. 

Of  these  all  but  about  225  men  were  employed  in  the  mines 
of  the  area  of  the  Richmond  quadrangle. 

ROADS. 

Before  the  construction  of  the  railroads  which  now  tra- 
verse the  area  the  important  roads  were  few  in  number  but 
these  were  more  important  then  than  any  are  now.  They 
were  the  roads  leading  to  the  principal  steamboat  landings  on 
the  Missouri  river.  For  the  area  of  the  Richmond  quadrangle 
Camden  was  such  a  point.  It  is  situated  on  the  Missouri  river 
bluffs  about  five  miles  southwest  of  Bichmond.  At  Oamden 
the  river  leaves  the  northern  side  of  its  floodplain  and  flows 
directly  across  it  to  Wellington  in  Lafayette  county.  East- 
ward it  follows  the  southern  side  of  the  floodplain  for  a  long 
distance. 

From  this  area  the  roads  leading  to  Oamden  were  there- 
fore the  important  ones. 

Bichmond  is  at  the  diverging  point  of  the  roads  running 
north  and  northeastwardly.  From  Oamden  to  Bichmond  there 
is  one  road  and  over  this  all  the  traflSc  for  a  large  area  passed. 
At  Bichmond  this  road  separated  into  three  branches ;  one 
running  north  to  Knoxville  and  Kingston  ;  one  running  up  the 
East  Fork  of  Crooked  river  to  Millville  and  beyond  and  a 
third  running  due  east  from  Bichmond  to  Crooked  river,  then 
following  the  Missouri  bluffs  to  Morton  and  then  striking  into 
the  country.  The  first,  the  Knoxville  road  was  the  line  of 
oommunication  for  a  larger  area  than  the  others  since  it  led 
directly  to  the  wide  prairies  north  of  the  area.  The  Millville 
road  passed  through  a  rich  territory  all  the  way  from  Bichmond 
to  Millville.    The  Morton  road  also  led  into  and  through  a  fer- 

'^These  figures  as  well  as  those  giving  number  of  men  employed  were  taken 
from  the  Report  of  the  State  Mine  Inspector  for  the  year  ending  June  30. 1893,  p. 

87. 
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tile  regioD.  These  three  roads  as  well  as  their  trunk  line  from 
Richmond  to  Oamden  all  follow  very  nearly  their  original 
courses  across  the  ooantry.  The  Enoxville  road  crosses  the 
upland  plain  in  an  almost  direct  line  northward  from  Bichmond, 
excepting  where  it  is  diverted,  on  approaching  Orooked  river, 
to  Dockery  P.  O.  where  it  tnrns  to  a  spur  of  the  plateau  up 
the  slope  of  which  it  climbs  to  the  top.  It  then  follows  the 
top  of  the  plateau  to  Enoxville  and  beyond.  The  Millville 
road  follows  very  nearly  its  old  coarse.  In  a  few  places  it  has 
been  diverted  to  the  land  lines.  The  Morton  road  also  follows 
its  old  course  with  no  diversion  at  all  unless  it  be  at  Morton. 

The  newer  roads  of  the  area  follow  the  land  lines  except- 
ing along  the  rugged  portions  near  the  escarpment  limiting  the 
plateau.  Here  they  follow  the  ravines  or  ridges  and  seek 
gradual  slopes  for  ascent  to  or  descent  from  the  platean. 

Since  the  construction  of  the  railroads  across  and  near  the 
area  the  old  roads  have  lost  their  old  time  importance  while 
many  of  the  new  roads  have  become  more  important  than  any 
of  the  old  ones.  The  surplus  products  of  the  southeastern 
quarter  of  the  area  now  find  a  shipping  point  at  Hardin  and  of 
the  southwestern  at  Richmond,  while  the  towns  on  the  Chi- 
cago, Milwaukee  &  St.  Paul  railroad  running  east  and  west  a 
few  miles  north  of  the  sheet  have  absorbed  the  traffic  from 
most  of  the  northern  part  of  the  area.  No  one  line  of  road 
therefore  is  the  traffic  line  for  a  large  area. 

The  roads  are  all  bnilt  of  the  ordinary  loess  drift  and  resid- 
uary days  of  the  area.  During  dry  weather  and  when  frozen  they 
are  good.    When  thoroughly  wet  they  are  almost  impassable. 

Daring  a  few  weeks  in  the  spring  they  ofcen  become  practi- 
cally impassable  excepting  for  a  footman  or  a  horseman.  Yery 
little  attempt  has  been  made  to  build  solid  road  beds  of  gravel 
or  broken  stone  on  account  of  the  great  expense.  They  are 
used  by  the  farmers  over  which  to  haul  their  products  to  mar- 
ket. Fortanately  daring  the  spring  season,  when  they  are  in 
their  worst  condition  the  farmers  have  little  use  for  them. 
The  taxpayers  therefore  do  not  feel  justified,  under  present 
conditions,  to  incur  the  great  expense  that  would  be  necessary 
to  macadamize  them. 
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RAILROADS. 

Three  railway  lines  traverse  a  small  portion  of  the  area. 

The  Ohioago,  Santa  Fe  and  Oalifornia  and  Wabash  railroads 
run  through  the  Missoari  river  bottoms  across  the  soatheast- 
ern  part  of  the  area.  The  St.  Joseph  branch  of  the  Santa  Fe 
system,  or,  as  it  is  sometimes  called,  the  St.  Joseph,  St.  Louis 
and  Santa  Fe  railroad  crosses  the  soathwestern  corner. 

The  Chicago,  Santa  Fe  and  Oalifornia  railway  is  a  trank  line 
between  Kansas  Oity  and  Ohicago,  passing  in  an  almost  direct 
line  across  the  state  of  Missouri.  It  is  the  line  over  which  the 
large  number  of  Santa  Fe  lines  west  of  Kansas  Oity  and  St. 
Joseph  send  their  through  freight  to  Ohicago.  It  follows  the 
Missouri  river  bottoms  from  Oarrollton  about  10  miles  east  of 
the  area  of  the  quadrangle  to  Kansas  Oity. 

The  Wabash  railway  is  a  main  line  of  that  system  from 
Kansas  Oity  to  St.  Louis.  It  follows  the  river  bottoms  from 
Keytesville,  in  Oharlton  county,  about  40  miles  east  of  the 
Richmond  sheet,  to  Kansas  Oity. 

The  St.  Joseph  branch  of  the  Santa  Fe  runs  from  the  bank 
of  the  Missouri  river  opposite  Lexington,  8  miles  south  of 
Richmond,  northwestward  through  Richmond  to  St.  Joseph, 
Missouri.  From  the  Missouri  river  bottoms  it  runs  northward 
up  a  small  creek  to  Richmond.  There  it  turns  abrutly  west- 
ward about  2  miles  to  avoid  an  outlying  mass  of  the  L«ithrop 
plain  then  terns  northward  between  it  and  the  main  mass 
farther  west,  crosses  the  west  branch  of  Orooked  river  and 
climbs  to  the  top  by  way  of  a  small  creek  from  the  north.  It 
then  follows  the  plain  nearly  to  St.  Joseph. 

These  roads  are  all  single  track. 

TOWNS, 

The  towns  and  villages  located  within  the  area  before  the 
construction  of  aoy  railroad  across  or  near  it  are  Richmond, 
Morton,  Russellville,  Millville  and  Taitsville.  None  of  these 
are  located  on  the  Missouri  river  bottoms  and  none  of  them 
were  close  enough  to  the  river  to  be  shipping  points.    Except- 
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ing  Bichmond  none  of  them  ever  became  more  than  small  local 
retail  trading  points.  They  illastrate  the  fate  of  towns  which 
without  mnnicipal  support  were  compelled  to  compete  with 
*'  river  towns." 

Bichmond  owes  its  importance  to  the  fact  that  it  became 
the  connty  seat  of  the  county  and  was  thereby  able  to  compete 
with  Oamden  only  five  miles  away,  a  river  town. 

It  was  only  a  small,  unimportant  village  when  the  county 
seat  was  located  there.  Its  selection  was  due  to  the  difference 
between  the  topography  and  therefore  soil  along  the  river 
bluffs  in  the  eastern  and  western  parts  of  the  connty. 

The  eastern  part  of  the  connty  is  moderately  rolling  with 
the  loess  making  a  rich  soil,  was  pretty  well  timbered  and 
therefore  early  occupied  by  an  agricultural  population. 

The  western  part  of  the  county  extending  from  Bichmond 
westward  is  rather  rugged ;  the  breaks  of  the  plateau  com- 
mencing a  little  west  of  Bichmond.  The  valleys  are  rich,  but 
the  higher  lands  on  the  plateau  were  largely  prairie  originally 
and  since  it  was  not  covered  with  loess  was  not  so  fertile.  It 
was  not  so  thickly  settled  for  that  reason.  When  it  came 
therefore  to  a  vote  for  locating  the  county  seat  Bichmond  was 
the  favorite  of  the  eastern  part  of  the  county  where  the  popu- 
lation was  thickest,  and  was  the  winner.  By  this  means  it 
was  able  to  hold  its  own  against  more  favorably  located  towns 
until  steamboating  declined  and  a  railroad  was  built  through 
it.    It  thenceforward  had  the  advantage. 

It  is  now  the  shipping  and  trading  point  for  the  population 
of  a  large  territory  of  fertile  and  well  cultivated  land.  It  has 
also  become  an  important  mining  town  and  its  mining  indus- 
tries are  becoming  more  and  more  important. 

It  contains  one  steam  flouring  mill  with  a  daily  capacity  of 
125  barrels,  two  small  foundaries,  two  small  wagon  and  car- 
riage factories  and  a  number  of  retail  stores. 

Millville  was  a  few  years  ago  a  retail  trading  point  doing  a 
considerable  business,  but  the  construction  of  the  Chicago, 
Milwaukee  and  St.  Paul  railway  through  the  southern  part  of 
Caldwell  county  has  diverted  most  of  its  former  trade  to  the 
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new  towns  alon£^  the  railway.  It  is  sitoated  in  the  midst  of  a 
very  good  agrionltaral  district,  the  valley  of  Orooked  river 
being  especially  rich.  It  contains  a  small  water-power  flouring 
mill  and  three  or  fonr  small  general  stores. 

Taitsville  is  another  village  which  has  lost  its  former 
prosperity  on  account  of  the  construction  of  the  Chicago,  Mil- 
wankee  and  St.  Paul  railway. 

It  formerly  contained  a  flouring  mill  of  considerable  local 
importance  and  was  a  trading  and  milling  point  for  a  large  ter- 
ritory. 

The  mill  has  been  removed  to  Oowgill  and  the  trade  has 
followed. 

Fox  or  BuBsellville  is  a  country  village  and  post  office, 
containing  a  small  general  store,  a  black-smithing  shop  and  a 
drug  store. 

Morton  is  another  village  which  has  suffered  on  aecount 
of  competition  with  a  new  railroad  town.  Before  the  construc- 
tion of  the  railroads  through  the  bottoms  south  of  it  and  the 
building  of  Hardin  it  commanded  an  important  retail  trade. 
Since  then  its  trade  has  been  entirely  diverted  to  Hardin.  It 
is  now  merely  a  country  post  office. 

Hardin  is  the  only  railroad  town  within  the  area.  It  is  the 
only  town  within  the  area  located  within  the  Missouri  river 
bottoms.    All  the  old  towns  were  located  on  the  oplands. 

Hardin's  location  is  due  entirely  to  the  location  of  the 
railroads  which  have  fostered  its  growth.  It  is  the  shipping 
and  trading  point  for  most  of  the  area  of  the  sheet  east  of 
Orooked  river  and  south  of  township  54. 

The  population  of  the  towns  and  villages  are : 

Richmond,  about 3,210 

Hard iQ,  about 800 

Mlllvllle,  about  100 

Taitsville,  about 60 
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812  HUKT^VILLB   QDADRANQLH. 

INTRODUCTION. 
ABBA  AND  LOOAllnN. 

The  HantBTille  qa&draDgle*  incladea  part  of  tbe  area  of 
three  oonnties ;  Baadolpb,  Howard  and  CharitOD.  It  ia  named 
from  the  town  of  HnDteville,  the  connty  eeat  of  BsDdolpta 
coaoty,  and  tbe  largest  town  within  tbe  district.  It  is  a  qnad- 
rilaterial  of  1 5'  exteot  in  latitude  and  loDgitade,  embracing  an 
area  of  230.86  sqaare  miles.  It  ie  included  between  the  linea 
39°  15'  and  39°  30'  north  latitude  and  92°  30'  and  92°  45'  longi- 
tude west  of  Greenwich.  Its  position  ia  a  little  northeast  of 
the  center  of  the  state.  The  eastern  boundary  of  tbe  area  is 
near  the  mid-line  of  fiaodolpfa  coonly;  the  northern  boundary 
is  about  seven  miles  sonth  of  the  northern  boundary  of  the 
county  ;  tbe  sootbeBstern  corner  extends  a  little  more  than  a 
mile  into  Howard  connty,  and  tbe  sonthweslern  corner  is 
about  six  miles  south  of  tbe  point  where  the  Ho  ward- Randolph 
line  crosses  the  western  boundary  of  the  sheet.  This  western 
limit  is  about  three  miles  west  of  tbe  eastern  line  of  Ohaiiton 
connty.  The  location  with  reference  to  the  county  tines  is 
shown  in  the  following  diagram  : 


VIsure  M.    tiliowlng  the  relation  of  Uie  lluotsvllle  ijuadraugle  to  the  count 
boundaries. 

*  Proppoeeil  by  the  Director  ol  the  I'.  S.  i.eoloitlcal  survey  and  adopteil  l 
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PREVIOUS  WORE  WITHIN   THB  AREA. 

The  geology  of  the  Huntsville  qaadraogle  was  known  in  a 
general  way  before  the  present  work  was  begun.  Daring  the 
progress  of  Swallow's  work,  Randolph  county  does  not  seem 
to  have  been  visited,  or  at  least  no  report  was  published  cov- 
ering it.  In  the  first  and  second  annual  reports,  issued  in 
1856,*  he  states  that  the  sandstone  which  he  placed  at  the  top 
of  the  lower  Goal  Measure  series  occurs  in  Howard  county 
and  also  that  certain  beds  of  coal  occur  there  though  no  sec- 
tions are  described  nor  localities  cited. 

In  the  first  report  of  the  Broadhead  survey,  which  included 
the  unpublished  fragments  of  the  Swallow  survey  and  the  re- 
sults of  the  work  done  during  the  interval  from  1855  to  1871,t 
there  was  included  a  small  report  on  Randolph  county  signed 
by  Broadhead.  In  this  a  general  section  of  the  rocks  of  the 
county  was  given.  Sections  on  Moniteau,  Sweet  Spring  and 
Sugar  creeks  were  described  and  published.  It  is  not  stated 
at  what  localities  the  measurements  and  observations  were 
made,  but  the  section  on  Sweet  Spriog  creek  does  not  include 
the  rocks  occurring  on  both  sides  of  the  stream  due  south  of 
Huntsville,  so  probably  the  observations  did  not  extend  into 
the  area  of  the  Huntsville  quadrangle.  With  the  exception  of 
slight  differences  in  the  thickness  of  certain  numbers,  the  sec- 
tions do  not  differ  from  those  recently  measured  in  the  same 
localities  excepting  in  the  details  of  the  description  of  individ- 
ual beds.  The  occurrence  of  the  Lower  Oarboniferons  rocks 
was  noted  in  two  places  within  the  district  covered.  Outcrops 
of  several  feet  each  at  seven  localities  in  all,  were  described 
within  the  sheet  area,  some  of  which  are  mentioned  in  this  re- 
port; and  also  the  occurrence  of  a  great  number  of  exposures 
of  coal  beds. 

In  the  report  including  field  work  of  1873-74  the  Geology 
of  Howard  county  is  considered  by  Broadhead  and  Norwood4 
The  latter  author  examined  that  part  of  the  county  lying  within 

*Mt88oarl  Geol.  Sur.,  Ist  and  2n(l  Ann.  Reports,  p.  87, 1655. 
tMtssourl  Qeol.  Sur.,  iSoo-Tl,  pp.  93-110. 
tHlssoari  Geol.  Sur. ,  1S73-74,  pp.  17S-221,  147i. 
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the  area  of  the  Hantsville  qaadrangle.  The  looal  sections 
measared  and  described  by  him  in  this  part  of  the.coanty  are 
about  the  same  as  lately  observed  bat  that  part  of  his  general 
section  which  embraces  rocks  occarring  within  the  qaadrangle 
differs  from  the  one  complied  from  recent  observations; 
especially  is  this  true  regarding  the  thickness  of  the  rocks 
between  the  Summit  and  Bevier  coal  beds.  An  interval  made 
up  of  sandstones,  shales,  limestone  and  coals,  amounting  to 
about  163  feet  was  reported,  while  in  reality  where  the  two 
extreme  beds  in  question  are  exposed  in  the  same  hill  and  where 
there  are  numerous  shafts  and  drill  holes  which  penetrate  both 
coals,  the  records  show  that  the  interval  within  the  greater 
part  of  the  area  of  the  quadrangle  is  only  about  fifty  feet. 
Norwood's  coals  B  and  E  correspond  to  the  Summit  and  Bevier 
coals,  respectively,  of  this  report.  This  discrepancy  is  prob- 
ably due  partly  to  a  thickening  of  the  interval  between  the 
coals  southwestward  where  Norwood's  measurements  were 
made  and  partly  to  a  duplication  by  him  in  making  up  his 
general  section.  He  described  a  section  on  Doxy's  Fork,  from 
Boanoke  westward  with  which  recent  observations  agree 
excepting  in  the  amount  of  detail.  A  section  measured  by 
Norwood  about  two  miles  northwest  of  Armstrong  (Tp.  62  N., 
B.  XVI.,  Sec.  20,  Nw.  qr.,  S.  i ),  agrees  in  the  main  with  the 
new  section  measured  near  the  same  place.  The  coal  0  in  the 
former  section  is  correlated  with  the  Macon  City  coal. 

PHYSIOGRAPHY. 

TOPOGRAPHY. 

The  Huntsville  quadrangle  lies  jast  on  the  western  side  of 
a  broad  flat  area  constituting  the  water  shed  between  the  Mis- 
souri and  Mississippi  rivers  and  locally  called  the '^  Grand 
divide."  It  has  been  described  by  McGee  as  ^*  simply  a  broad 
and  remarkably  smooth  and  level  plain,  scalloped  and  ravined 
by  secondary  drainage  along  its  margins  but  imperfectly  drained 
interiorly."  Its  axis  extends  north  and  south  a  few  miles  east 
of  the  eastern  boundary  of  the  sheet  and  small  parts  of  it 
extend  into  the  area,  bounded  on  three  sides  by  the  sharply 
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<snt  valleys  of  this  part  of  the  distiict.  Its  height  is  remarkably 
Qniform.  At  Higbee  it  is  aboat  875  feet  above  tide  level.  At 
Moberly  only  a  few  miles  east  of  the  northeastern  part  of  the 
sheet  it  is  about  870  feet;  and  northward  through  £xcello, 
-Jacksonville,  Macon  and  Olenwood  it  rises  very  gradually  and 
at  the  Missouri-Iowa  line  is  about  950  feet  above  tide  level. 
Topographically  the  area  of  the  quadrangle  is  a  broad,  even 
plain,  lying  about  200  feet  above  grade  and  wholly  within  the 
area  of  the  Warrensburg  platform.*  With  the  exception  of  the 
southeastern  corner,  it  is  now  thoroughly  dissected.  The  lar- 
:gar  streams  have  developed  broad  floodplains,  bordered  by 
low  gently  sloping  bluffs.  The  western  part  of  the  district  is 
nearly  graded.  The  eastern  border  is  still  in  a  youthful  stage. 
The  Features.  For  purposes  of  description  the  features  of 
the  area  may  be  divided  into  three  divisions :  ( 1 )  Small  areas 
of  the  upland  plain,  the  '* Grand  divide,"  so-called;  (2)  the 
*<  crenulated  margin  "  of  the  ^'  Orand  divide,"  and  ( 8 )  the  un- 
dulating upland  of  the  northwestern  part  of  the  area,  including 
the  wide  floodplains  of  the  larger  streams.  The  first  division 
consists  of  the  flat  uplands  of  the  southeastern  part  of  the 
sheet,  which  are  noticeable  in  the  vicinity  of  Higbee  and  a  few 
miles  north  of  it.  They  run  westward  between  the  narrow 
valleys  of  the  larger  streams.  The  upland  belts  followed  by 
the  Chicago  and  Alton  railroad  from  Higbee  to  Armstrong,  and 
by  the  Wabash  railroad  from  Huntsville  to  Moberly,  six  miles 
to  the  east,  are  long,  rather  narrow,  parts  of  this  upland,  which 
extend  further  westward  than  any  other  part  of  the  upland 
within  the  limits  of  the  quadrangle.  From  these  areas  of  flat 
upland  the  transition  to  the  next  division,  the  *^  crenulated 
margin  "  of  the  ^^  Orand  divide  "  is  abrupt.  This  belt  enters 
the  district  at  the  northeastern  corner,  and  constitutes  the 
rough  Sugar  creek  country.  Passing  southward,  its  western 
margin  includes  the  town  of  Huntsville,  with  its  steep,  narrow 
ravinesandthe  thoroughly  incised  areas  around  Sweet  Spring 
and  Silver  creeks.  From  the  head  of  the  latter  it  turns  west- 
ward along  the  northern  side  of  the  Higbee-Boanoke  extension 

*Ptiy8.  Feat,  of  Mo.    Mo.  Geol.  Sar.,  Report,  Vol.  X.  p.  6t>. 
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of  the  upland,  soathward  and  back  eastward  on  the  southera 
side  of  the  upland,  extending  east  through  southern  Randolph 
and  northern  Howard  counties  into  Boone  county.  It  is  the 
most  clearly  marked  physical  and  cultural  belt  of  the  area. 
Everywhere,  excepting  at  the  western  terminus  of  the  upland, 
in  the  vicinity  of  Boanoke,  it  is  covered  by  a  dense  growth  of 
small  white  oak  saplings.  Its  soil  is  a  yellow,  sticky  clay. 
The  narrow  roads  wind  through  the  thickets  following  the 
labyrinthine  ridges.  The  third  division  includes  the  northwest- 
ern part  of  the  sheet,  and  consists  of  the  wide  floodplains  of 
the  larger  streams,  the  indulating  uplands  bordering  them  and 
the  narrow^  though  quite  even  crested  ridges,  separating  the 
drainage  areas  of  the  streams;  in  short,  all  the  more  subdued 
relief  of  this  part  of  the  district  with  its  undulating  profile,  as 
distinguished  from  the  second  division  with  its  angular,  almost 
rectangular  profile,  and  the  wide,  flat  plain  of  the  first  division.. 
The  ridges  of  this  part  of  the  area  are  not  so  high  as  the 
*^  Orand  divide,"  though  the  differences  of  elevation  are  not 
more  than  fifty  or  sixty  feet.  Their  crest  lines  are  nearly  as 
even  but  they  are  narrow.  Their  original  height  has  probably 
been  somewhat  reduced  by  the  present  drainage ;  the  narrow 
crests  allowing  the  gradual  wearing  down  of  the  clays  from 
the  top  without  a  notching  by  the  approach  of  streams  from 
opposite  sides. 

Age.  AS  a  whole  the  topography  is  adolescent.  There 
are  some  features  of  extremely  youthful  aspect  and  others  of 
a  decidedly  mature  appearance.  The  narrow,  sharp  incision  of 
the  western  edge  of  the  grand  divide  is  extremely  youthful  in 
character,  but  in  marked  contrast  to  this  are  the  wide  flood- 
plains  of  the  larger  streams  of  the  area  with  a  typically  mature 
topography.  It  is  an  area  of  extremely  wide  topographic  varia- 
tions. The  association  of  wide  floodplains  along  rather  small 
streams  with  wide  stretches  of  undissected  uplands  all  within 
a  small  area  is  not,  however,  an  uncommon  occurrence  in  the 
northern  part  of  Missouri. 

Position  in  the  topography  of  northern  Miasouru    There 
are  two  noticeable  featuies  which  characterize  the  topography 
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of  the  area,  in  oommoD  with  a  considerable  part  of  northern 
Missonri.  The  first  feature  is  the  great  width  of  the  flood- 
plains  compared  to  the  size  of  the  streams  now  flowing  in  them. 
The  extreme  width  and  the  shallowness  of  the  valleys  serve 
to  render  them  inconspicuous  features,  or  rather,  conspicuous 
because  of  their  lack  of  prominent  features.  Where  the 
features  are  most  characteristic  the  upland  is  but  little  more 
than  a  hundred  feet  above  the  floodplains  of  the  streams.  The 
latter,  even  when  so  small  that  they  almost  whollv  disappear 
during  the  summer  have  fleodplains  from  one  to  four  or  five 
miles  in  width.  The  valley  slopes  are  rounded  and  without  rock 
exposures. 

Along  with  this  extremely  faint  relief  is  a  remarkable 
parallelism  of  the  drainage.  The  streams  all  have  almost  due 
southward  courses.  Small  streams  persist  in  this  courses  for 
many  miles  running  parallel  to  a  large  stream  and  in  many 
cases  separated  from  the  larger  ones  by  a  strip  of  upland  less 
than  a  mile  in  width.  Pazzle  creek,  a  very  small  stream  in 
Macon  county,  parallels  Ohariton  river,  the  largest  stream  in 
northeastern  Missouri,  for  a  distance  of  12  or  15  miles,  and  the 
average  width  of  upland  between  the  two  valleys  is  but  little 
more  than  two  miles.  The  same  relation  exists  between  Mid- 
dle Fork  of  Chariton  river  and  Morrow  creek,  East  Fork  and 
Muncas  and  Dark  creeks  and  in  many  other  cases  in  certain 
parts  of  northern  Missouri.  Another  noticeable  fact  is  that 
these  two  characters,  faintness  of  relief  and  parallelism  .of 
streams,  accompany  each  other.  Where  one  is  prominent  the 
other  is  equally  so.  On  the  basis  of  the  presence  or  absence 
of  these  characteristics  the  drainage  of  northern  Missouri  falls 
into  four  north  and  south  belts.  The  first  belt  extends  from 
the  Mississippi  river  westward  to  the  Missouri-Mississippi 
watershed,  the  width  being  about  50  miles.  It  is  characterized 
by  a  southeast wardly  flowing  drainage  with  un  approach  to 
parallelism  of  streams  though  not  reaching  the  almost  geome- 
trical parallelism  of  the  next  belt.  The  streams  flow  in  deeper 
valleys  with  steeper  slopes  and  narrower  floodplains  than 
those  of  the  Huntsville  qaadrangle. 
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The  next  belt  extends  from  the  MissoarbMissiSBippi  water- 
shed westward  to  the  Bethany  escarpment  in  Mercer,  Orandy 
and  Livingston  counties.  It  is  within  this  belt  that  the  Hants- 
ville  quadrangle  lies.  Here  the  features  described  above,  the 
parallelism  of  streams  and  faintness  of  relief  reaches  its  highest 
development. 

The  SQCoeeding  belt  extends  from  the  Bethany  escarpment 
westward  to  the  eastern  border  of  Nodaway,  Andrew,  Bachanan 
and  Platte  counties.  In  this  also  the  general  direction  of 
drainage  is  southward  and  the  large  streams  are  more  or  less 
parallel  to  each  other  but  the  drainage  basins  are  wider  and 
the  small  streams  have  a  more  widely  branching  arrangement 
than  those  of  the  bait  bordering  this  to  the  eastward.  The 
valleys  are  deeper,  the  floodplains  narrower  and  the  slopes 
steeper  than  the  latter  belt  also.  This  belt  is  more  like  the 
first  belt  described  than  the  second. 

The  next  belt  extends  over  the  northwestern  corner  of 
the  state.  It  approaches  the  second  belt  very  closely  both  in 
parallelism  of  streams  and  depth,  width  and  side  slopes  of  the 
valleys. 

The  first  and  third  and  second  and  fourth  belts  therefore 
approach  each  other  in  character. 

When  these  belts  are  examined  with  respect  to  the  phy- 
siograpic  belts*  of  the  state  a  very  important  relation  is  at  once 
discovered. 

The  belts  of  parallel  drainage  and  wide,  flat  bottomed 
streams  occupy  the  lowlands  while  the  belts  having  deeper, 
narrower  valleys  and  less  parallelism  of  drainage  occupy  the 
uplands.  The  wide,  flat  bottomed  shallow  valleys  occur  in  the 
lowland  belts  as  we  should  expect,  but  there  is  no  evident 
reason  at  first  sight  why  these  should  be  characterized  oy  a 
more  complete  parallelism  of  drainage  than  the  other  belts. 
The  rocks  here  are  all  soft  and  lie  nearly  horizontal  so  that  it 
cannot  be  due  to  adjustment  to  geologic  structure  ;  so  that 
their  present  courses  must  be  essentially  the  same  as  conse- 

*Physlcal  Features  of  Mlssoarl.    Mo.  Geol.  Sur.,  Vol.  X,  Platte  II  and  pp. 

50-73,  IS96 
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qaent  courses  of  these  streams.  It  mast  be  due  therefore  to 
the  constrnctioDal  features  of  the  region  over  which  the 
streams  began  their  work.  MoOee*  has  stated  that  snch  a 
condition  is  the  result  of  consequent  drainage  over  a  feature- 
less plain  sloping  gently  southward.  The  drainage  of  the  up- 
land belts  is  consequent  also  but  it  lacks  the  features  of 
that  of  the  lowland  belts.  The  constructional  surface  of  the 
uplands  must  have  been  different  from  that  of  the  low- 
lands. Another  significant  matter  is  the  fact  that  the  extreme 
simplicity  of  constructional  surface  necessary  to  produce 
tne  drainage  of  the  lowlands  can  be  produced  only  by  con- 
tructional  processes,  by  deposition  of  material  from  water. 
This  process  could  not  have  acted  on  the  present  lowland 
belts  alone  until  after  the  lowlands  existed  as  such.  A 
previous  drainage  sysiem  on  the  lowlands  must  have  worn 
them  out  and  reduced  them  almost  or  wholly  to  a  peneplain. 
This  peneplain  must  then  have  been  evenly  coated  with  an- 
other deposit  which  obliterated  the  former  drainage  lines  and 
produced  a  featureless  plain  over  which  the  present  drainage 
started. 

Manifestly  we  are  in  this  case  limited  to  glacial  processes 
for  the  production  of  this  plain.  Some  confirmation  of  this 
conclusion  is  found  in  the  great  thickness  of  drift  clays  which 
are  spread  over  the  region.  This  brings  us  also  to  the  recog- 
nition of  the  post  glacial  age  of  these  valleys.  This  is  a  matter 
that  must  find  confirmation  on  the  ground  before  it  is  accepted 
as  a  fact.  Tbere  are  many  indications  in  this  region,  however, 
aside  from  what  has  been  said  above,  that  these  valleys  are 
post-glacial.  Field  study  in  the  neighborhood  of  Oolumbia  is 
nearly  conclusive  as  to  the  post-glacial  age  of  the  valleys  here.. 

The  great  width  of  these  valleys  is  the  product  therefore 
of  post-glacial  erosion  in  soft  rocks  in  an  even  plain,  but  little 
above  the  grade  of  the  stream  draining  it.  In  this  view  of  the 
case  the  valleys  are  not  abnormally  wide. 

The  Huntsville  quadrangle  includes  parts  of  two  of  the 
belts  described  above.    The  eastern  and  southeastern  part  is 


*  Transactions  St.  Louis  Academy  of  Science,  Vol.  V,  p.  310. 
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characterized  by  the  type  of  drainage  represented  in  the  first 
belt,  dentritio  arraDjE-emeDt  of  streams  and  narrow  valleye. 
The  DortbwesterD  part  reachps  into  the  area  of  vide- bottomed 
valleys  and  parrallel  streams. 

The  diatrlbation  of  tbe  zonea  of  altitade  is  shown  in  fig* 
nre  31. 


Figure  ill.  DlitrlOutlon  of  the  tone«  oF  eleTatlou  [q  the  Huntivllle  quadrODKle. 
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HYDROOBAPHY. 

The  entire  area  covered  by  the  Hantsville  quadrangle  is 
in  the  drainage  basin  of  the  Mlssoari  river,  that  part  south  of 
the  Ohicago  and  Alton  railroad  entering  that  stream  direotly, 
while  the  rest  is  drained  into  the  Ohariton  river.  The  streams 
are  all  small ;  the  minor  ones  beooming  dry  during  part  of  the 
year,  an^  during  a  protracted  drouth  the  largest  become  al- 
most so. 

East  Fork  of  Ohariton  river  is  the  largest  stream  travers- 
ing the  area.  It  rises  in  Adair  county  and  flows  almost  due 
southward  for  about  forty-five  miles  until  it  reaches  the  north- 
ern part  of  the  Huntsville  quadrangle.  It  then  changes  to  a 
southwesterly  course.  It  flows  into  the  Ohariton  river  a  few 
miles  above  the  mouth  of  the  latter.  It  has  a  fall  of  about 
three  feet  per  mile  within  the  area  of  the  quadrangle. 

Middle  Fork  of  the  Ohariton  river  is  the  next  in  size.  It 
risep  in  the  northern  part  of  Macon  county,  about  thirty-five 
miles  north  of  the  northern  part  of  the  area,  and  flows  about 
parallel  to  the  East  Fork.  Its  average  fall  per  mile  is  about 
the  same  as  that  of  the  latter  stream. 

Sweet  Spring  creek  is  third  in  size.  It  rises  near  Moberly, 
about  four  miles  to  the  northeast  of  where  it  enters  the  sheet, 
and  flows  in  a  westerly  direction  across  the  area.  It,  as  well 
as  the  East  and  Middle  forks,  flows  in  a  deep  channel  in  the 
floodplain,  with  muddy  banks  and  bottom.  The  channel 
is  extremely  sluggish,  excepting  during  high  water  stages, 
and  the  water  is  always  dark  and  turbid. 

Silver  creek,  near  the  middle  of  the  sheet,  is  a  little  smaller 
than  Sweet  Spring  creek.  It  has  a  greater  fall  per  mile,  its 
channel  is  not  so  deep,  its  floodplain  not  so  wide,  and  its  water 
not  so  muddy  as  the  streams  just  named.  Its  channel  is  filled 
with  sandstone  instead  of  mud. 

Besides  the  four  water  courses  mentioned  there  are  other 
streams  which  are  smaller.  They  are  shown  on  the  map  and 
need  no  further  mention  in  this  connection. 

FOBBSTRY. 

Very  nearly  the  whole  of  the  area  occupied  by  the  Hunts- 
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ville  sheet. was  originally  covered  with  forest  trees.  Probably 
the  flat  top  of  the  '^  Orand  divide  "  and  the  older  part  of  the 
flood  plains  of  the  larger  streams  were  the  only  areas  bare  of 
timber  growth  at  the  time  the  country  was  settled.  The  prin- 
cipal forest  trees  now  occurring  within  the  area  are  the  white 
oak  (qnercns  alba),  laarel  oak  (Q.  imbricaria),  pin  oak  (Q.  pa- 
lustris ),  post  oak  (Q.  rnbra),  black  oak  (Q.  tinctora),  swamp 
white  oak  (Q.  bicolor),  birch  (Betnla  nigra),  American  elm 
( Ulmns  americana),  slippery  elm  (IJ.  falva),  sycamore  (Pla- 
tanns  oocidentalis ),  cotton  wood  (Popalus  monilifera),  mnl- 
berry  (Morns  rabra),  black  walnnt  (Jaglans  nigra),  shellbark 
hickory  (Oarya  alba),  pignat  hickory  (0.  procina),  butternut 
'  hickory  (0.  amara),  ash  (Fraxinus  sambucifolia ),  white  maple 
(Acer  dasycarpum),  sugar  maple  (A.  saccharinum ),  hackberry 
(celtis  occidentalis )  linden  (Tilia  americana)  wild  cherry 
(Prunus  serotina)and  locust  (Oleditschia  Tricanth us). 

Of  shrubs  and  smaller  trees  there  are :  the  buckeye,  horse 
chestnut,  black  haw,  several  species  of  thorn,  red-bud,  pawpaw, 
iron  wood,  dogwood  and  crab-apple. 

In  the  eastern  part  of  the  sheet  along  the  margin  of  the 
"  Gr^nd  divide,"  especially  around  the  head  branches  of  Bonne 
Terre,  Silver,  Sweet  Spring  and  Sugar  creeks,  the  growth  is 
principally  white  oak.  A  few  black  and  red  oaks  grow  in  the 
sandier  portions  and  a  few  elms  and  cotton  woods  in  the  hol- 
lows. The  trees  are  for  the  most  part  too  small  for  lumber. 
On  the  rocky  hillsides  of  the  tributaries  of  Bonne  Femme  and 
Silver  creeks,  and  those  flowing  westward  from  the  southern 
part  of  the  quadrangle,  the  growth  is  principally  red  oak, 
chestnut  oak,  black  walnut,  white  oak  and  pin  oak,  with  the 
two  first  named  predominating.  In  the  vicinity  of  Boanoke 
and  Armstrong,  on  the  rich  uplands  the  growth  is  elm  and 
black  walnut,  with  scattering  members  of  a  large  number  of 
other  species.  In  the  flat  floodplains  of  the  larger  streams 
the  growth  is  principally  laurel  oik,  with  elm  in  the  better 
drained  portions  and  white  maple  on  the  banks  of  the  streams 
in  the  recently  formed  alluvium.  North  and  west  of  the  east 
fork  of  Chariton  river  the  growth  is  elm,  laurel  and  red  oak, 
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shell-bark  hickory,  walnat  and  white  oak,  the  greater  part  be- 
ing hickory,  elm  and  laarel  oak.  White  oak  grows  in  the  lands 
along  the  eastern  side  of  the  middle  fork  of  the  same  river. 

The  timber  of  the  area  which  was  of  value  for  lamber,  as 
au  article  of  commerce,  has  long  since  been  removed;  There 
is  enough  standing  to  supply  a  decreasing  local  demand,  but 
the  quality  is  poor.  There  is  some  walnut  timber,  yet  standing, 
in  the  vicinity  of  Armstrong.  Large  quantities  of  walnut  logs 
were  shipped  from  this  place  a  few  years  ago.  The  large  tim- 
ber has  all  been  cut  out.  Pine  lumber  is  coming  more  and 
more  into  use  as  a  building  material ;  indeed  it  may  be  said  that, 
with  the  exception  of  brick,  it  is  the  only  building  material  now 
used ;  the  farm  lands  are  fenced  in  with  wire,  and  cheap  coal 
makes  wood  valueless  for  fuel,  so  there  is  at  present  very  little 
demand  for  what  limber  remains. 


GEOLOGY. 

The  formations  represented  in  the  area  of  the  Hunts ville 
sheet  are  the  indurated  clastic  rocks  and  incoherent  superficial 
deposits.  They  belong  to  the  Pileozoic  and  Oenozoic  eras  of 
geological  time. 

The  Paleozoic  rocks  belong  to  the  Oarboniferous  period, 
and  are  subdivided  into  the  Lower  Oarboniferous  or  Mississip- 
pian  series  and  the  Goal  Measures.  Of  the  latter  series  only 
the  lower  or  Des  Moines  stage  is  represented.  The  deposits 
of  the  Oenozoic  era  belong  to  Pleistocene  time  and  include 
glacial  drift,  loess  and  alluvium. 

The  general  relations  of  formations  occurring  within  the 
area  are  shown  in  the  following  table  : 


TABLV  OF  GKOLOOICAL  FORMATIONS. 


Cenozolc. 


Recent. 


Pleistocene. 


Palaeozoic. 


Drift. 


AUaTlum. 


Loess,  Gray  Loamy  Clay. 


Tin. 


Pennsylvanlan. 


Mlsslsilpplan. 


The  Moberly 
sandstone. 


Des  Moines. 


Augasta. 


Middle  Coal  Measures. 


Lower  Coal  Measures. 
Burlington. 
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GBKBBAL  SECTION. 

The  general  seotioD  of  the  rockB  of  Ibe  ares  ie  sbown  in 
the  accompaQjing  diagram  (flgareSS).  It  mast  be  borne  in 
mind  concerning  It,  (bat  it  ia  anbiect  to  the  same  limitatjone  as 
'  other  general  eeo- 
tiong.  9*0  snch 
section  can  abow 
all  of  tbe  alrati- 
graphic  details  of 
a  large  area.  The 
BDCoeeaion  ie  apt 
to  vary  even  with- 
in  small  areaa. 
New  Btrata  often 
appear  oomiog  in 
like  a  wedge  be- 
tween adjacent 
beds.  Ottaera  pass 
into  a  different 
kind  of  deposit 
while  tbe  thick- 
iiess  changes  cod- 
etantl;.  This  ia 
especially  Irne  in 
an  area  sncb  as 
the  one  nndercoQ> 
sideralioD,  where 
there  are  two  or 
more  series  of 
beds,  each  aeries 
separatee  from  the 
adjacent  ones  by 
nnoonformities. 
The  npper  surface 
of      each     series 
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overlj^ing  deposits  are  thicker  in  the  depressions  and,  on 
aocoant  of  varying  conditions  prevailing  because  of  this 
irregnlar  surface  and  consequent  irregular  depth  of  water, 
they  are  of  different  character  in  adjacent  areas.  As  the  de- 
pressions became  filled  up  producing  a  more  even  surface  on 
which  deposition  took  place,  more  uniform  conditions  prevailed. 
The  rocks  deposited  under  such  conditions  therefore  are  more 
persistent  in  both  thickness  and  character.  This  stage  was 
reached  in  the  area  of  the  Huntsville  sheet  a  short  time  be- 
fore the  deposition  of  the  Bevier  coal  bed.  The  accompany- 
ing general  section  therefore  may  be  more  relied  upon  above 
the  base  of  the  Bevier  coal  bed  and  its  underlying  limestone 
than  below  it.  That  part  of  the  general  section  from  the 
Bevier  coal  bed  upward  is  an  average  of  the  conditions  shown 
in  the  several  shafts  in  the  eastern  part  of  the  quadrangle. 
The  lower  end  of  the  section  is  compiled  from  a  number  of 
exposures  on  Sugar  creek  northeast  of  Huntsville. 

GEOLOGICAL  FORMATIONS. 
LOWBB  GABBOMIFBBOUS  BOOKS. 

The  Lower  Oarboniferous  rocks  are  exposed  in  only  two 
places  within  the  area.  They  consist  of  subcrystalline,  gray 
and  bluish  gray  limestones,  containing  nodules  and  interstrati- 
fied  beds  of  chert.  They  are  in  all  probability  a  part  of  the 
Augusta  division,  but  no  fossils  have  yet  been  discovered 
which  make  this  correlation  certain.  One  of  the  localities  re- 
ferred to  is  at  the  old  millsite  on  the  bank  of  Ohariton  river 
(Tp.  54  N.,  E.  15,  Sec.  12,  Se.  Sw.  i).  This  place  was  visited 
by  Broadhead,  and  the  rooks  were  correlated  by  him  with  the 
Archimedes  ( Keokuk )  limestone.  He  says ''  the  upper  portion 
is  a  three-foot  bed  of  chert,  and  next  below  are  beds  of  gray 
limestone,  interstratified  with  chert."  The  same  locality  was 
visited  in  1890  by  Gordon,  who  states  that  ^'  The  bank  of  the 
river  is  covered  with  chert  and  limestone  fragments,  appar- 
ently due  to  the  decomposition,  in  situ,  of  a  bed  of  ( cherty ) 

limestone.    The  limestone  is  coarse,  8ubcrystalline,andi8  filled 
G— 22 
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with  foBsilfl  Id  a  fragmentar;  Qoodition."  The  other  looality 
referred  to  Ib  at  the  Bagby  mill,  on  Sweet  Spring  creek,  ia 
Tp.  53  N.,  B,  XV  W,,  Seo.  17.  This  place  also  was  vieited- 
and  described  by  Broadhead.*  He  Bays  "There  are  aboat 
twenty  feet  of  coarse,  gray  limestoae  interstratifled  with  chert. 
The  fossils  ooataiaed  are  bryozoans,  Uyathopbyllnm  and  Fro- 
dnotas  panctatns,  anppoaed  to  be  eqaivaleot  to  Profeesor  Hall's 
Keokak  limestODe."  Gordon  says  of  tbe  same  outcrop  that 
"The  total  thiokaess  exposed  is  aboat  thirty  feet.  Tbe  strata 
are  thin  ( three  to  twenty  inches),  with  very  thin  or  no  shale 
partings,  with  a  layer  of  somewhat  fioer  and  whiter  material 
than  the  rest  near  the  middle  of  the  exposare.  Broken  fossils 
are  nameroas.  Ofaert  is  plentifally  distribated,  nsaally  in  nod- 
ular masses,  thongb  sometimes  in  layers."  The  accompanying 
diagram  shows  its  relations  to  tbe  snrroanding  rooks. 


Figure  33.    Crois  aectlon  at  Bagby'i  mill. 

The  Lower  Garboniferons  rooks  were  strnck  in  the  Ham- 
mett  drill  hole  bnt  no  details  were  obtained  from  the  record. 
It  shows  sixty-seven  feet  of  sandstone  and  shale  below  the 
Bevier  coal  bed  which  are  presnmably  Goal  Measnre. rocks. 
Beneath  this,  fifteen  feet  of  limestone  was  enconntered  and 
underlying  that  four  feet  of  sandstone.  The  drillers  reported 
the  rest  of  the  section  "  granite."  This,  without  doubt,  is  the 
hard,  oherty  limestone  beds  of  the  Lower  Oarboniferoas.  The 
top  of  this  formation  is  placed  at  the  top  of  the  Bfteen-foot 
limestone  for  the  reason  that  no  bed  of  Goat  Meaaare  limestone 
is  known  so  near  the  base  of  the  coal  bearing  rocks.  The  top 
of  tbe  Lower  Garboniferons  formation  here  is  therefore,  about 

•MIHOUrl  ti«Ol.  Bur. .  lHM-71,  p.  100.    1872. 
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640  feet  above  tide.  At  the  outcrop  of  this  formation  at  the 
Bagby  mill  the  top  is  aboat  700  feet  above  sea-level,  thas  making 
within  a  distance  of  two  miles  a  difference  of  elevation  between 
the  top  of  the  formation  at  the  two  places  of  aboat  60  feet. 
The  line  of  juncture  between  the  Lower  Carboniferous  rooks 
and  the  overlying  Lower  Goal  Measure  rocks  is  an  unconform- 
able one.  The  Lower  Carboniferous  rocks  were  subjected  to 
erosion  for  a  long  time  before  the  deposition  of  the  coal  bear- 
ing strata.  The  uneven  surface  of  ihe  former  is  shown  in  the 
two  places  where  they  come  to  the  surface  and  also  in  the 
relative  difference  in  elevation  of  the  upper  surface  of  the 
formation  as  shown  by  the  Hammett  drill  hole  and  the  outcrops. 
At  the  latter  they  lie  horizontally,  so  also  do  the  overlying  Coal 
Measure  rocks.  The  inequalities  of  surface  are  not  due  to 
folding  nor  is  there  any  evidence  whatever  of  faulting.  The 
further  fact  that  there  is  an  abrupt  change  from  limestone  to 
sandstone  in  passing  from  the  Lower  Carboniferous  to  the 
Coal  Measure  rocks,  from  an  open  sea  formation  to  a  shore 
deposit  seems  sufficient  evidence  for  that  conclusion. 

GOAL  MEASURES. 

LOWBK  0OALMEA8UKKH. 

(Des  MolQes  Formation.) 

The  Lower  Coal  Measure  rocks  are  exposed  over  only  a 
small  part  of  the  area  of  the  Huntsville  quadrangle,  they  are 
confined  to  the  low  lying  portion  along  the  streams.  In  the 
eastern  part  of  the  sheet  they  are  mostly  below  the  740-foot 
contour;  in  the  western  part  they  are  below  the  680  foot  con- 
tour. The  total  superficial  area  within  which  these  rocks  come 
to  the  surface  is  not  more  than  thirty  square  miles. 

The  line  of  delimination  between  the  Lower  and  Middle 
Coal  Measures  is  placed  at  the  bottom  of  the  clay  underlying 
the  Macon  City  coal  bed  which  varies  in  position  from  fifteen 
to  thirty  feet  above  the  Bevier  coal  bed. 

The  maximum  thickness  of  the  formation  exposed  at  the 
surface  is  not  more  than  fifty  feet  and  the  maximum  thickness 
penetrated  at  any  point  is  not  more  than  120  feet.    The  thick- 
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ness  is  irregalar  as  indicated  by  the  irregularity  of  the  base  of 
the  formatioD,  varying  from  aboat  thirty-five  feet  asa  mmimam 
to  an  unknown  thickness,  thongh  probably  not  more  than  150 
feet  as  a  maximum. 

The  rocks  of  the  Lower  Goal  Measures  consist  of  sand- 
stones, shales,  clays,  limestones  and  coals.  The  first  two 
greatly  predominate.  In  Tp.  54  K,  R.  XV,  W.,  Sec.  12,  Be. 
qr.,  Sw.  i  there  is,  according  to  Broadhead,  a  sandstone  about 
twelve  feet  thick.  It  is  highly  impregnated  with  iron  oxide 
and  is  correlated  by  him  with  the  Ferruginoas  sandstone  of 
Shnmard.  It  has,  however,  been  shown  by  Nason*  that  the 
impregnation  is  only  local.  No  fossils  have  been  reported 
from  this  division.  It  was  apparently  placed  there  on  litho- 
logic  grounds.  Since  these  colorations  have  been  shown  to 
be  local  it  seems  highly  probable  that  it  is  the  representative 
of  the  bed  of  sandstone  and  shale  below  the  Bevier  coal  in 
the  Hammet  drill  hole.  It  is  thinner  but  it  lies  on  the  top  of 
an  elevation  of  the  Lower  Oarboniferons  land.  It  would  nat- 
urally be  expected  to  be  thicker  in  a  depression  of  the  old  sur- 
face. If  that  be  true  it  is  unconformable  on  the  Lower  Car- 
boniferous rocks.  There  is  no  indication  of  any  unconformity 
between  this  and  the  overlying  beds.  The  placing  of  it  there- 
fore in  the  Goal  Measures  seems  justifiable.  The  fact  that  the 
top  of  the  Lower  Oarboniferons  rocks  at  their  outcrops  is  so 
near  the  horizon  of  the  Bevier  coal  bed  leads  to  the  conclu- 
sion that  most  of  the  Goal  Measure  rocks  below  that  horizon 
consist  of  small  channel  and  basin  deposits  generally  of  sandy 
or  shaly  material,  but  of  greatly  varying  thicknesses.  It  is 
not  impossible  that  they  contain  small  basins  of  coal  and  even 
of  limestone.  These  basino  had  become  pretty  evenly  filled 
up  some  time  before  the  deposition  of  the  Bevier  coal  bed  and 
its  associated  rocks.  The  rocks  in  Section  IV,  p.  335,  lie  below 
this  coal  bed  and  have  been  traced  over  a  large  area.  In  Ma- 
con county  they  are  associated  with  a  bed  of  coal.  Broadhead 
reports  it  with  them  in  Randolph  county  but  it  was  not  seen  in 
the  area  of  the  quadrangle.     It  prob'ibly  extends   into   the 


•  Missouri  Geol.  8ur..  Kept,  on  Iron  Ores,  p.  ]S2,  ish2. 


CONDITIONS   OF   DEPOSITION.  329 

northern  part  of  the  connty,  even  if  it  does  not  reach  the 
northern  part  of  the  qaadrangle.  It  is  not  reported  in  the 
Hammet  drill  hole,  though  a  limestone  is  reported  at  aboat 
this  horizon. 

Near  shore  conditions  continued  to  prevail  for  some  time, 
but  before  the  Bevier  coal  bed  was  deposited  open-sea  condi- 
tions prevailed  lonfi^  enoagh  for  the  deposition  of  the  limestone 
bed  underlying  it.  It  persists  in  character  and  thickness  over 
the  greater  part  if  not  over  the  whole  of  the  area,  and  has  been 
traced  over  a  great  extent  of  adjacent  territory.  Then  came 
the  formation  of  the  Bevier  coal  bed.  It  persists  over  a  con- 
siderable district  both  in  the  area  of  the  quadrangle  and  beyond 
it.  The  great  swamp  extended  parallel  to  the  shore  for  many 
miles.  It  marks*  a  rise  of  the  area  from  the  comparatively 
deepwater  conditions  which  prevailed  during  the  deposition 
of  its  underlying  limestone.  It  was  terminated  abruptly  by 
some  change  in  conditions  which  inaugurated  the  deposition 
of  the  overlying  shales.  The  change  was  so  sudden  that 
the  transition  in  most  localities  from  coal  to  non-bituminous 
shale  is  sharp,  and  uniform  conditions  prevailed  over  the  area 
during  the  deposition  of  the  thick  bed  of  sandstone  and  shales 
which  overlies  the  coal  and  extends  upward  to  the  base  of  the 
Middle  Goal  Measures. 

Within  the  area  of  the  quadrangle  the  Bevier  coal  bed  is 
generally  overlain  by  a  light  colored  micaceous  shale  but  in  many 
parts  of  Macon  county  and  in  the  northern  part  of  Randolph 
county  a  sandstone  overlies  it,  though  in  this  case  the  transi- 
tion from  coal  to  sandstone  is  as  sharp  as  that  from  coal  to 
shale  further  southwest. 

The  upper  line  of  delimitation  here  used  for  the  Lower 
Goal  Measures  is  the  one  adopted  in  this  region  by  the  present 
survey.  It  is  the  result  of  an  attempt  to  carry  the  line  adopted 
in  Lafayette  county  and  described  in  the  Higginsville  sheet, 
eastward  parallel  with  the  strata,  into  the  area  of  the  Hunts- 
ville  sheet.  It  is  the  same  as  the  line  adopted  by  Gordon  in 
his  report  on  the  Bevier  sheet  which  joins  the  Huntsville 
sheet  on  the  norih.    For  the  sake  of  uniformity  it  is  considered 
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best  to  adopt  it  for  this  area  also.  Tlie  line  was  adopted  io 
La&yette  oonnty  in  an  attempt  to  make  a  divisioQ  between  the 
deposits  wbich  were  laid  dowa  near  the  shore,  sands,  shales 
and  coals,  and  the  more  open  sea  deposits  in  which  limestone 
is  a  conspicnoQS  constitnent.  When  carried  into  the  area  of 
the  Hnntsville  sheet  it  still  serves  the  same  pnrpose  reasona- 
bly  well.  The  rocks  below  it  are  almost  wholly  made  np  of 
sandy  and  shaly  deposits,  only  one  persistent  bed  of  limestone 
occurring  among  them — that  beneath  the  Bevier  coal  bed, 
while  above  this  line  limestone  forms  a  rather  important  pro- 
portion of  the  rock. 

THR  MIDDLE  COAL  MEASURES. 

(Des  Moines  Formation.) 

The  rooks  of  the  Middle  Goal  Measures  are  exposed  over 
the  greater  part  of  the  area  of  the  sheet.  They  nnderly  the 
surface  of  all  the  upland  area  excepting  that  underlain  by  the 
Moberly  sandstone. 

The  upper  line  of  delimitation  of  the  formation  is  not 
reached  in  the  area  of  the  sheet.  The  total  superficial  area 
over  which  these  rocks  are  exposed  is  aboat  165  square  miles. 
The  rocks  are  limestones  and  sandstones,  clays  and  coals.  The 
first  two  named  are  represented  in  about  equal  proportions. 
Sandy  shales  are  not  abundant  and  sandstones  even  of  less 
importance.  Two  persistent  beds  of  coal,  both  of  them  thin, 
and  two  others  which  are  of  local  importance  only,  are  found 
within  the  area  of  the  sheet.  OUys  are  unimportant  as  fac- 
tors in  making  up  the  rock  section  of  the  area.  They  are  con* 
fined  to  thin  beds  underlying  the  coal  beds. 

The  shales  are  generally  argillaceous  and  of  a  drab  color. 
On  exposure  they  often  decompose  readily  into  a  mass  of  stiff 
clay.  In  contact  with  coal  beds  they  usually  become  bitumi- 
nous and  fissile. 

The  limestones  occur  in  strata  ranging  from  one  to  fifteen 
feet  in  thickness;  are  generally  of  a  very  fine,  compact  text- 
ure, and  occur  in  massive  or  thin  beds  of  light  drab,  bluish  and 
buff  colors.  They  vary  slightly  in  composition.  All  are  more 
or  less  impure  and  many  contain  a  rather  large  proportion  of 
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organic  matter.  There  is  very  little  tendency  to  a  crystalline 
straotnre.  They  are  generally  more  resistant  to  erosion  than 
any  of  the  other  rooks  of  the  area,  though  they  yield  to  eola- 
tion qaite  readily.  They  are  oonspicaoas  in  the  steep  blaffs 
along  the  creeks.  They  contain  fossils  bat  not  generally  in  a 
good  state  of  preservation.  These  rocks,  like  the  apper  beds 
of  the  Lower  Goal  Measures,  persist  over  a  large  area,  inclnd- 
ing  that  of  the  Hantsville  quadrangle.  They  have  been  traced 
northward  as  much  as  twenty  miles  north  of  the  area  and  prob- 
ably continue  further.  Westward  their  persistence  is  not  so 
clearly  established.  There  are  certain  beds  of  limestone  which 
agree  in  character  with  these  but  the  associated  rocks  do  not 
agree  so  well.  In  a  shaft  recently  sunk  at  Salisbury  in  Ohari- 
ton  county,  no  beds  whatever  that  could  be  indentifled  with  any 
within  the  area  of  the  sheet  were  encountered.  There  is  a 
considerable  development  of  sandstone  in  this  direction  the 
relations  of  which  are  not  at  all  clear.  It  seems  certain  that 
parallel  to  the  old  shore  line  as  it  existed  during  this  part  of 
Oarboniferous  time,  these  rocks  are  persistent  for  a  consider- 
able distance,  but  at  right  angles  with  the  shore  line  their  per- 
sistence is  doubtful,  at  least  very  far  beyond  the  limits  of  the 
sheet,  though  it  will  be  clearly  shown  that  they  extend  to  its 
western  limits. 

THE  MOBERBBLT  SANDSTONB. 

Under  this  head  is  placed  a  deposit  of  an  unknown  thick- 
ness of  sandstones,  shales  and  conglomerates,  which  extends 
from  east  to  west  across  the  middle  of  the  quadrangle  in  a  belt 
-about  two  and  one-half  miles  wide. 

It  contains  coal  measure  plants  and  a  few  thin  coal  beds 
of  small  area,  but  its  age  relative  to  the  other  coal  measure 
strata  of  the  state  is  not  known,  excepting  that  it  is  younger 
than  any  of  these  strata  in  the  area  of  the  quadrangle.  It  lies 
-upon  these  uoconformably  and  has  a  basal  conglomerate  made 
^p  of  water-worn  fragments  of  limestone  and  shale,  it  has 
been  traced  eastward  into  Monroe  county,  but  westward  it  has 
not  been  followed  with  certainty,  on  account  of  the  difficulty  of 
-distinguishing  it  from  certain  other  sandstone  beds,  which  ap- 
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parentlyare  the  regular  conformable  members  of  the  coal  meas- 
ure series.  Its  great  length  compared  to  its  width  leads  to  the 
conclasion  that  it  represents  a  channel  of  erosion  formed  dar- 
ing a  temporary  uplift  daring  the  Goal  Meiasure  period  which 
on  submergence  became  filled  with  sandy  and  shaly  material. 
It  probably  belongs  to  an  extensive  drainage  system  of  that 
time,  and  is  probably  connected  with  the  Warrensburg  sand- 
stone of  Johnson,  Lafayette,  Bay  and  Carroll  counties. 

It  is  apparently  not  the  result  of  one  of  those  minor  oscil- 
lations of  the  land  and  the  shore  line  which  occur  frequently 
but  which  are  of  small  extent  and  short  duration,  but  repre- 
sents an  extensive  uplift,  raising  a  large  area  above  the  sea, 
which  remained  so  long  enough  for  the  development  of  a  con- 
siderable drainage  system. 

The  regular  Goal  Measure  strata  are  cutout  to  an  unknown 
depth  and  replaced  by  this  sandstone.  The  Bevier  coal  bed 
and  all  above  it  have  been  taken  out  but  the  lower  beds  have 
not  been  taken  from  so  wide  a  belt  as  the  higher  ones.  The 
channel  sloped  gradually  downward  to  its  axial  line.  The 
lower  beds  of  the  regular  strata  may  underly  the  margins  of 
the  sandstone  belt  for  a  short  distance,  the  strip  of  missing^ 
strata  becoming  narrower  toward  the  base  of  the  old  valley. 

There  were  doutless  many  tributaries  to  the  stream  which 
excavated  the  channel  but  none  have  been  found  which  could 
be  traced  far  enough  to  prove  the  connection.  A  bed  of  sand- 
stone which  bears  the  same  relation  to  the  older  rooks  of  the 
area  as  the  Moberly  sandstone  was  found  about  two  miles 
southwest  of  Yates.  It  is  unconformable  on  the  limestones 
and  shales  and  has  a  basal  conglomerate  made  up  of  fragments 
of  these  rocks  but  the  details  of  its  occurrence  were  not 
worked  out. 

SYSTEMATIC  DESCRIPTION  OF  DATA. 

For  economic  and  scientific  purposes  the  various  outcrops 
of  rocks  which  were  observed  within  the  area  will  be  described. 
For  the  Lower  Carboniferous  rocks  no  data  other  than  what 
has  already  been  given  is  at  hand. 
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Id  describing  the  oatcrops  of  the  rocks  of  the  district  a 
three-fold  division  is  made  describing  separately  the  oatcrops 
of  the  conformable  Goal  Measures,  the  Warrensbarg  sandstone 
and  the  Qnarternary  deposits.  In  doing  this  for  the  Goal 
Measure  rocks  the  area  will  be  gone  over  in  systematic  order, 
commencing  in  the  northeastern  corner  and  taking  the  north- 
ern tier  of  townships  rannin^  westward  to  the  western  side, 
then  retarning  and  taking  the  next  tier  in  like  manner  and  so 
to  the  end. 

THB   COAL  MBASUBBS. 

Oatcrops  in  Townships  64  N,  Ranges  XIV,  XV  and  XVI  W. 

In  that  part  of  Township  54  N.,  Range  XIV  W.,  which 
lies  within  the  area  of  the  sheet  there  are  no  oatcrops  which 
show  a  great  thickness  of  those  rooks  at  any  one  place,  bat 
the  resitant  limestone  beds  may  be  seen  in  almost  every  hillside. 

The  record  of  shaft  No.  1,  three  miles  east  of  Hantsville, 
thoagh  it  is  located  east  of  the  area  about  half  a  mile,  is  here 
introdaced  to  show  the  general  character  of  the  rocks  of  the 
Middle  Goal  Measures  here  and  their  relation  to  the  Lower 
Goal  Measures  from  to  the  Bevier  coal  bed  lo  the  top. 

I.    Record  of  Shaft  No   7. 
(T.  64  N.,  R.  XIV  W.,  Sec.  33,  Se.  qr.,  Nw.   t.) 
Top  of  shaft  is  about  820  feet  A.  T. 

Feet. 

1.  Sar face,  sou  and  clay  18 

2.  Limestone 2 

8.    Shale,  sandy lo 

4.    Sandstone 10 

6.    Shale,  sandy 12 

6.  Limestone,  blue 2'4 

7.  Shale,  black ,  fissile 4 

8.  Coal,  (Summit  bed) la 

9.  Clay   1 

10.  Limestone,  hard  lO 

11.  Shale,  black,  fissile 8 

12.  Coal 2 

18.  Clay,  Top  of  Lower  Coal  Mtaturtt Hj 

14.  Shale,  sandy 16 

16.  Coal,  (Bevier  bed) 4 

16.  Clay 2 
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Abont  a  mile  west  of  this  a  shaft  was  snnk  in  the  sammer 
of  1890  by  Mr.  J.  Breokenridge  of  Hnntsville.  The  following 
record  was  faroished : 

II.    Record  of  Brecleenridge  Shaft 

(  Tp.  64  N.,  R.  XIV  W.,  Sec,  32,  Nw.  qr.  Be.  J. ) 
Top  ot  shaft  is  aboat  820  feet  A.  T. 

Feet. 

1.  Clay 22 

2.  Sanastone,  brown ,  friable ^t 

8.    Shale,  soft 10 

4.  Limestone 1 

6.    Sandsone  and  shale,  soft 50 

6.  Limestone  (?) ,  nodular 2Vs 

7.  Coal  (Bevier  bed) 8% 

8.  Sandstone 6 

9.  Coal 1 

10.  Clay 1 

The  coal  bed  at  the  top  of  the  Lower  Goal  Measures  is  not 
represented  here.  The  limestone,  No.  4,  is  probably  equivalent 
to  the  limestone  overlying  the  Snmmit  coal.* 

Shaft  No.  4  lies  jast  over  the  range  line  in  Range  XY  W., 
bat  it  is  so  closely  related  to  the  sections  of  the  two  shafts 
just  given  that  I  shall  insert  it  here.  It  is  situated  on  the  rail* 
way  a  short  distance  west  of  the  Huntsville  station. 

III.    Record  of  Shaft  No.  4  at  Hunteville. 
The  top  of  the  shaft  is  about  790  feet  above  sea  level. 

Feet. 

1.  sollanddrlft 7 

2.  Darkstruak % 

3.  Clay.  drab,  shaly l^i 

i.    Clay,  yellowish,  gypslferoas 6 

5.  Shale,  drab,  calcareous B 

6.  Limestone 8 

7.  Shale,  argillaceous 2^ 

8.  Limestone 8 

(Top  of  Lower  Coal  Meoiuret). 

9.  Sandstone m 

10     Shale. drab 29 

11.  Coal  (Btvier  bed) 4 


•so  named  In  the  report  on  the  Bevier  Sheet,  from  the  station  of  that  name 
a  few  miles  west  of  Macon  on  the  U.  ft  St.  J.  R.  R. 
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The  MacoD  Oity  coal,  it  will  be  noticed,  is  not  present  in 
either  of  the  last  two  shafts.  These  sections  are  different  in 
that  respect  from  thooe  in  all  other  {larta  of  the  quadrangle 
from  which  this  bed  has  not  been  removed  by  erosion. 

The  rocks  below  the  Bevier  coal  bed  are  exposed  along 
Sngar  creek  and  its  tributaries  northeast  of  Huntsville.  About 
two  miles  northeast  of  town  the  following  ontcrop  occnrs: 

IV.    Record  of  Outcrop. 

(Tp.  64  N.,  R.  XIV  W.,  Sec.  20  Sw.  qr.  Ne.  i.) 

Top  of  ontcrop  is  about  725  feet  above  sea  level. 

Feet. 

1 .  Sandstone 8 

2.  Shale, dark 7 

8.    Shale,  sandy,  becoming  more  argriHaceous  at  bottom  (exposed).    10 

About  three  quarters  of  a  mile  up  the  creek  from  this 
locality  there  is  an  exposure  of  about  18  inches  of  dark  bitumi- 
nous limestone  underlain  by  about  four  feet  of  black,  fissile 
shale.  The  limestone  lies  about  65  feet  below  the  top  of  the 
Lower  Goal  Measures.  The  rocks  below  and  above  this  ex- 
posure were  concealed  here,  but  it  is  reported  that  about  12 
inches  of  coal  lie  immediately  under  the  shale.  Broadhead* 
reports  a  bed  of  coal  in  this  and  Macon  county  on  this  horizon. 
In  Tp.  54  N.,  R.  XIV  W.,  Sec.  20,  Sw.  i  of  the  Sw.  J,  the 
Bevier  coal  is  exposed  in  a  narrow  ravine.  The  bottom 
of  the  bed  was  not  visible.  It  is  overlain  by  a  light  colored 
shale. 

In  Tp.  54  N.,  E.  XV  W.,  Sec.  11,  Nw.  qr.  Nw.  }.  the  same 
coal  bed  is  exposed  about  30  feet  below  the  top  of  the  Lower 
Goal  Measures.  The  bed  is  here  overlain  by  a  firm  reddish 
sandstone  which  graduates  upward  into  shale  within  six  or 
eight  feet  above  the  coal.  The  underlying  limestone,  about 
three  feet  thick,  is  exposed  in  the  road  390  feet  south  of  the 
outcrop  of  coal.  Near  the  middle  of  the  western  line  of  sec- 
tion 23,  of  the  same  township  and  range  is  the  Hammett  drill 
hole.    The  record  is  as  follows: 


^Report  Missouri  Geol.  Survey,  1855-71,  p.  QOa,  1972. 
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F.    Record  of  ffammett  Drill  Hole. 
Top  of  hole  is  aboat  765  feet  A.  T. 

Feet. 

1.  Soil  and  clay 8 

2.  Limestone 1 

8.    Clay n't 

4 .    Limestone 2>tf 

6.    Shale 8X 

6.  Limestone 8K 

This  U  five  feet  above  the  top  of  the  Lower  Coal  Measures. 

7.  Shale  and  sandstone 34^2 

8.  Coal  (Bevier  bed)  3 

9.  Shale  (probably  clay) 2 

10.  Limestone 4\<i 

11.  Sandstone 2V^ 

12.  Limestone,  bluish  gray *. !^ 

13.  Shale 2 

14.  Limestone  2 

15.  Shale  and  sandstone 67 

16.  Limestone ; 1 

17.  Shale(?) 2 

18.  Limestone 15 

19.  Sandstone  (?) 4 

The  hole  was  drilled  several  feet  deeper  than  this  bnt  the 
drillers  reported  the  rest  to  be  ^'  Granite."  The  latter  is  with- 
out maoh  doabt  tlfe  cherty  Lower  Oarboniferoas  limestODes. 
A  fonrfoot  bed  of  coal  was  encoantered  in  the  J.  W.  Hammett 
well  aboat  a  mile  Dorth  of  the  Hammett  drill  hole  and  at  about 
the  horizon  of  the  Bevier  coal  bed.  The  latter  outcrops  also 
at  several  places  on  this  horizon  on  the  farm  of  Major  Newton 
about  a  mile  north  of  the  last  locality.  It  is  mined  for  local 
fuel  at  a  few  places  in  the  vicinity.  In  the  extreme  south- 
western corner  of  section  23  of  the  same  township  and  range, 
the  limestone  underlying  the  Bevier  coal  bed  is  exposed  in  the 
hill  just  nort  of  the  road  300  feet  west  of  the  bridge  over  the 
East  Fork  of  Chariton  river,  and  the  coal  is  exposed  on  the 
western  side  of  the  road  just  as  it  turns  into  the  north  and 
south  road  900  feet  from  the  bridge.  About  a  mile  further 
west  it  is  exposed  in  the  road  about  25  feet  above  the  level  of 
the  river  bottom. 

Beneath  the  river  and  Huntsville  sandstones  and  shales 
are  abundantly  exposed  and  sandstone  blocks  are  prevalent  on 
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the  slopes  Id  the  boathf rn  part  of  town.  The  Bevier  ooal  lies 
near  the  level  of  the  branch  at  the  i^as  works.  The  vertical 
distribation  of  the  rocks  in  the  vicinity  is  given  in  sections  I, 
II  and  III. 

West  of  Hantsville,  between  the  township  line  on  the  south 
and  East  Fork  on  the  north,  exposares  of  Goal  Measure  rocks 
are  rare.  The  drift  covers  all  the  older  rocks.  North  of  the 
river  toward  the  western  part  of  the  township  the  Middle  Ooal 
Measnre  rocks  are  exposed  on  the  higher  hills  and  occasionally 
the  shales  of  the  Lower  Ooal  Measures  can  be  seen.  In  Tp. 
fi4  N.,  B.  XV  W.,  Sec.  20,  Prof.  Gordon  records  an  outcrop  of 
two  feet  of  black  shale  underlain  by  three  feet  of  coal  in  thin 
layers  interlamioated  with  clay  and  shale.  It  lies  about  thirty 
feet  below  the  top  of  the  Lower  Ooal  Measures  and  therefore 
near  the  horizon  of  the  Bevier  coal  bed.  West  of  this  no  more 
exposures  of  Lower  Ooal  Measure  rocks  were  seen  east  of  the 
bluffs  on  the  eastern  side  of  the  Middle  Fork  of  Ohariton  river. 

During  the  year  1868,  or  about  that  time,  a  deep  drill  hole 
was  sank  at  Randolph  Springs.  If  any  record  was  kept  it  is 
now  lost  and  nothing  reliable  has  been  learned  of  what  was 
passed  through.  The  hole  was  bored  for  ml  and  little  atten- 
tion was  paid  to  the  rocks.  A.  fact  which  is  worthy  of  consid- 
eration in  regard  to  the  reports  of  coal  beds  in  this  as  well  as 
a  large  number  of  drill  holes  which  wer6  sunk  during  the 

• 

petroleum  excitement  about  this  time,  is  that  the  drillers  seem 
to  have  reported  coal  wherever  the  drillings  were  black. 

A  few  years  ago  a  churn  drill  hole  was  put  down  in  search 
of  ooal  in  Tp.  54  N.,  B.  XVI  W.,  Sec.  36,  about  a  mile  east  of 
Olifton  Hill  station.  A  record  was  kept  but  was  subsequently 
lost.  The  hole  was  sunk  to  a  depth  of  more  than  100  feet  but 
no  coal  was  encountered.  The  top  of  the  hole  is  about  680  feet 
A.  T.  The  horizon  of  the  Bevier  coal  bed  at  its  nearest  out- 
crop, almost  three  and  one-half  miles  southeast  of  this  is  about 
735  feet  A.  T.  Without  a  dip  of  the  coal,  therefore,  the  top  of 
the  drill  hole  would  be  about  forty-five  feet  below  the  horizon 
of  the  coal,  and  allowing  about  ten  feet  for  soil  and  superficial 
material  the  coal  would  have  to  dip  70  feet  within  that  dis- 


338  HUNTSYILLB    QUADRANQLE. 

tanoe  in  order  to  have  been  straok  in  the  drill  hole.  It  is  trae 
that  this  is  a  very  slight  dip  bat  the  few  facts  gathered  from 
outcrops  on  the  south  side  of  the  river,  south  of  Randolph 
Springs,  do  not  indicate  that  there  is  such  a  dip.  At  its  first 
outcrop  west  of  this  it  is  about  sixty-five  feet  lower  than  at  its 
first  exposure  eastward,  but  there  is  nothing  in  this  to  indi- 
cate that  nearly  the  whole  dip  is  east  of  the  drill  hole  and  that 
west  of  it  the  coal  bed  is  horizontal.  The  evidence  points  to 
the  conclusion  that  the  top  of  the  drill  hole  is  below  the  hori- 
zon of  the  coal  bed. 

In  Tp.  54  N.,  R.  XVI  W.,  Sec.  31,  Ne.  i  a  bed  of  coal  is 
mined  which  is  correlated  with  the  Bevier  bed.    On  the  bank 

of  the  Middle  Fork  of  Ohariton  river,  a  little  farther  west,  the 

« 

same  coal  bed  is  mined  in  a  number  of  places.  It  is  overlain 
by  several  feet  of  shale  and  is  underlain  beneath  the  clay  bed 
by  limestone.  No  farther  exposures  of  Lower  Goal  Measure 
rocks  were  seen  up  the  river  from  this  place  though  careful 
examinations  were  not  made.  At  Thomas  Hill*  a  village 
about  three  miles  up  the  stream  from  where  the  river  enters 
the  sheet,  the  Bevier  coal  is  reached  by  a  shaft-  fifty  feet  deep 
sunk  near  the  level  of  the  river  floodplain. 

The  Goal  Measure  rocks  above  the  Bevier  coal  bed  are 
not  often  exposed  in  the  northern  part  of  the  quadrangle. 
The  limestones  overlying  the  Macon  Oity  and  Summit  coals 
outcrop  in  the  roads  in  a  few  places  but  generally  the  rocks 
are  pretty  well  hidden  by  the  superficial  material.  The  Macon 
Gity  coal  with  its  accompanying  limestone  crops  out  in  the 
road  on  the  western  side  of  the  southwest  quarter  of  Section 
23.  In  Sections  20  and  21  both  the  Summit  and  the  Macon 
Gity  beds  are  occasionally  exposed,  the  former  near  the  tops 
of  the  hills.  The  Macon  Gity  bed  is  exposed  at  several  points 
in  the  road  near  the  Newton  place  in  Sections  11  and  14. 

In  Township  5i  N.,  Range  16  W.,  a  very  few  exposures  of 
the  Middle  Goal  Measure  rocks  occur.  In  the  southeast  quar- 
ter of  section  9  of  this  township  coal  was  mined  at  one  time  in 
the  bed  of  Rocky  branch.    From  the  topographic  position  it  is 

*  see  Ueport  on  Bevier  Sheet,  Mo.  Geol.  Survey,  1891. 
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thonght  it  probably  belouf^s  to  the  Maoon  Olty  bed.  It  is 
also  reported  that  coal  can  be  seen  ia  the  bank  of  the  river  at 
the  William  bridge  in  seotion  15.  This  also  is  near  the  hori- 
zon of  the  Maoon  Oity  coal.  At  Thomas  Hill,  a  mile  and  a  half 
ap  the  river  from  the  northern  side  of  the  sheet,  the  Summit 
coal  is  exposed  in  the  hillside  aboat  twenty  feet  above  the  top 
of  the  shaft  and  thirty  feet  above  the  river  floodplain. 

SBOriONS  IN  TOWNSHIP  53  N.,  BANGBS  XIV,  XV  AND  XVI  W. 

VI,     Outcrop. 

(Tp.  63  N.,  Range  XIV  W.,  Sec.  29,  Se.  qr.  Nw.  i.) 
Bottom  of  section  is  abont  795  feet  A.  T. 

Feet. 

1.  Concealed 

2.  Limestone,  crumbling,  fragmentxr,  with  some  massive  layers     8 
8.    Concealed ;?. 

4.  Limestone,  hard,  bine,  fine  teztared,  about ii^ 

5.  Shale,  black,  alsslle, 2 

6.  Coal  (Summit  bed) i 

7.  Clay 1 

InUrval  to  top  of  Lower  Co<U  Meaaures,  ttinnU 26 

The  shaft  at  Elliot  station  on  the  Missonri,  Kansas  and 
Texas  railroad  is  abont  two  miles  east  of  the  eastern  boundary 
of  the  sheet.  Its  record  is  here  introduced  to  show  the  char- 
acter of  the  rocks  and  for  comparison.    It  is  aboat  as  follows : 

VII.    Record  of  Elliot  Shaft. 
Top  of  shaft  is  aboat  860  feet  A.  T. 

Feet. 

1.  Surface  clay  24 

2.  Sand 1 

B.    Olay  and  bowlders  ...  19 

4.  Clay  and  gravel  (water  bearing) 4 

5.  Shale 9 

6.  Limestone l 

7.  Shale 2>,<i 

8.  Limestone 6 

9.  Sandstone  (upper  part  Iftirder  than  lower)  12 

10.  Shale,  hard,  blue 6 

11.  Limestone 4 

12.  Shale,  black,  fissile 2 

18.  Coal  r5ttiitm«  5e<i;  about i 

14.  Olay 2Ji 

16.  "Conglomerate" 4 
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Feet. 

16.  Shale,  sand  J 6 

17.  Granite -like  rock  (limestone) 4K 

18.  Shale,  black,  fissile 4 

19.  GOAl  (Macon  City  btd) lU 

'JO.    Olay  and  conglomerate 4 

(  Top  o/Lotper  Coal  Bieanwes.) 

21.  Shale    18 

22.  OoblI  (Btvier  bed) ^ 4 

28.    Olay 1 

24.    Limestone  

In  Tp.  63  N.,  R.  XIV  W.,  Sec.  30,  S.  W.  qr.  N.  W.  J,  the 
Sammit  ooal  oatcrops  in  the  bank  of  the  branch.  It  is  here 
aboat  ten  inches  thick  and  is  overlain  by  two  feet  of  black 
fissile  shale,  as  in  the  Elliot  shaft,  with  three  and  one-half  feet 
of  hard,  bine  compact  limestone  overlying  the  shale. 

In  Tp.  53  N.,  R.  XVI  W.,  Sec.  25  N.  B.qr.  Se.  J,  the  over- 
lying limestone  of  the  Macon  Oity  coal  is  exposed  in  the  blaif 
near  the  level  of  the  creek  bottom,  and  aboat  half  a  mile  west 
of  this  the  following  rocks  are  exposed : 

VIII.    Record  of  Outcrop. 

(Tp.  53,  N.,  R.  XVI  W.,  Sec.  33,  Nw.  qr.  Sw.  J.) 
Bottom  of  Section  is  aboat  690  feet  A.  T. 

Feet. 

1.  Limestone 

2.  Concealed 10 

3.  Limestone.  ^y% 

4.  Shale,  black,  fissile 2 

5.  QoeA  (Summit  bed) 1 

6.  Olay ? 2 

7.  Olay 

» 

Aboat  250  yards  northeast  of  this,  J.  W.  Gross  operates  a 
coal  mine.  This  bed  of  coal  is  from  two  to  five  feet  thick  and 
is  overlain  by  black  shale  and  that  in  tarn  by  limestone.  The 
limestone  is  eqaivalent  to  No.  I  of  the  last  section.  The  coal 
lies  at  the  top  of  the  concealed  space  No.  2.  It  apparently  is 
of  very  limited  area  since  it  does  not  occar  ander  the  limestone 
at  the  locality  where  the  section  was  measured,  and  was  not 
met  with  at  any  other  locality  within  the  qaadrangle. 

Where  the  road  descends  the  hill,  Tp.  53  N.,  R,  XVI  W., 
Sec.  27,  the  following  rocks  were  seen : 
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Section  IX. 

Feet. 

1.  Concealed  from  top  of  hill 35 

2.  Limestone 8 

8.    Shale,  yellowish 15 

4.  Limestone 2 

5.  Black  streak  with  yellowish  shale  below 12 

6.  Limestone 4 

7.  Black  streak  (top  of  Lower  Coal  Meatures)  

8.  Concealed  to  creek 86 

In  Section  32  of  the  same  township  the  following  sequence 
^f  rocks  is  exposed : 

X    Record  of  Outcrop. 

^Tp.  53  N.,  R.  XVI  W.,  Section  32,  Sw.  qr.  Ne.  i.) 
Bottom  of  section  is  aboat  665  feet  A.  T. 

Feet. 

1.  Concealed 

2.  Limestone 8 

8.    Shale,  black,  fissile 2 

4.  Ooal(MaconCity  bed)  top  of  Middle  Coal  Meaturea 2 

5.  Concealed  with  shale  In  places 28 

6.  Shale,  black,  fissile >^ 

7.  OOBii(Bevierbed) 8 

In  a  well  in  the  northwest  qaarter  of  this  section  the  Sam- 
mit  coal  was  struck.  At  the  foot  of  the  hill  300  feet  east  of 
the  well  the  Bevier  coal  is  exposed  and  mined.  The  interval 
between  the  two  coal  beds  is  aboat  60  feet  with  no  Goal  Meas- 
ure rocks  exposed  excepting  about  15  feet  of  shales  overlying 
the  Bevier  coal.  In  the  northern  part  of  the  township  a  coal 
bed  is  exposed  in  a  number  of  places.  It  lies  about  50  feet 
above  the  Bevier  coal  bed  and  is  probably  the  Summit  coal. 

SBGTIONS  IN  TOWNSHIP  52  N.,  BANOSS  XIV,  XV  AND  XVI  W. 

The  most  important  sections  of  Middle  Goal  Measure  rocks 
of  that  part  of  Township  52  N.,  Range  14  W.,  lying  within  the 
quadrangle  are  those  exposed  in  the  coal  shafts  and  drill  holes 
at  and  in  the  vicinity  of  Higbee.  The  shaft  of  the  Higbee 
Goal  and  Mining  Gompany  of  Higbee  is  on  the  south  side*  of 
the  railroad  about  half  a  mile  west  of  the  town.  The  record 
is  as  follows : 

G— 23 
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XI,    Record  of  Outcrop, 

( Tp.  52  N.,  B.  XIV  W.,  Sec.  13,  Ne.  qr.  Be.  i.) 
Top  of  shaft  is  aboat  865  feet  A.  T. 

Feet. 

1.  Clay 70 

2.  Shale  and  sandstone 8 

3.  Limestone. 7 

4.  Olay,  bine 3 

6.    Limestone 6 

6.  Shale 6 

7.  Sandstone.... 7 

8.  Limestone,  hard  8>^ 

9.  Shale,  black,  fissile IK 

10.  COAl  {Summit  bed)  1 

11.  Olay 4 

12.  ••Conglomerated  rock" 14 

13.  Shales   2 

14.  ••Hard  rock*' (Limestone) '. 3 

15.  Shale,  black,  fissile 3 

16.  Coal  (MaeonCUy  bed) iVt 

17.  Clay  (  Top  of  Lower  Coal  Meantrea) tt 

18.  Shales 30 

19 .  Coal  ( Bevier  bed) 8  >i 

20.  Clay 

A  drill  hole  was  snnk  in  prospectiDg  for  coal,  aboat  the 
time  this  shaft  was  sunk,  a  mile  north  of  Higbee.  The  record 
here  is  as  follows : 

XII.    Record  of  Drill  Hole. 

Tp.  62  N.,  R.  XIV  W. ,  Sec.  8,  Ne  .  qr. ) 
Top  of  hole  is  aboat  870  feet  A.  T. 

Feet. 

1.  Clay 68 

2.  Shell  rock 20 

3.  Clay 4 

4.  Limestone 7>, 

6.    Clay 17 

6.  Limestone 3>,2 

7.  Shale  and  coal  (Summit  bed) H/^ 

8.  •  'Conglomerated rock"  (limestone)  (?) 14^^ 

10.    Shale,  black,  fissile 2 

.     11.    Coal  (Macon  CUy  bed)  1 

12.  Shale 31 

13.  Coal  (Bevier  bed) 8 

14.  Clay 1 
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The  McDoDald  shaft,  owned  and  operated  by  the  Inter- 
state Mining  Company,  is  located  on  the  Missouri,  Kansas  and 
Texas  railroad  about  two  miles  south  of  Higbee,  iu  Tp.  52  N., 
R.XIV  W.,Sec.  19,  Ne.  qr.  Sw.  i.  The  record  is  as  fol- 
lows : 

XII L    Record  of  McDonald  Shaft, 
Top  of  shaft  is  about  810  feet  A.  T. 

Feet, 

1.  Clay 4V2 

2.  Umestone  and  gravel Us 

3.  Sand  and  gravel 2 

4.  Clay 2 

5.  Limestone 4 

6.  Clay 8>i 

7.  Limestone 8 

8.  Clay 20 

9.  Limestone 8Mz 

10.  Shale,  black,  flssUe >^ 

11.  Coal  (Summit  bed) 1 

12.  Clay ; 2^ 

13.  * 'Conglomerated  rock" 10 

14.  Limestone i^ 

15.  Shale,  black,  flssUe.'. 1>^ 

16.  Coal  (Macon  CUy  bed)  2 

17.  Clay,  Top  of  Lower  Coal  Meaturea 2hi 

18.  Shale,  drab  30 

19.  Coal  (Bevier  bed) 4>,' 

20.  Clay 2 

The  three  foregoing  records  were  furnished  to  the  survey 
by  Mr.  Ghas.  Evans  of  Higbee,  the  present  State  Mine  In- 
spector, who  superintended  the  work  of  sinking  the  shafts 
and  the  drill  holes.    They  were  reported  from  memory. 

In  the  southwest  quarter  of  section  31  of  the  same  town- 
ship the  Macon  Gity  coal  is  exposed  at  the  base  of  the  bluff. 
It  is  reported  to  be  about  eighteen  inches  thick. 

In  Tp.  62  N.,  R.  XV  W.,  Sec.  1,  Sw.  qr.  Ne.  t  there  is  an 
exposure  of  limestone,  shale  and  coal  which  is  correlated  with 
the  Summit  coal  and  its  associated  limestone  and  shale.  The 
Macon  Gity  coal  has  been  mined  in  the  southeast  quarter  of 
the  northwest  quarter  of  section  2,  about  half  a  mile  down 
the  creek  from  the  last,  and  about  eighty  yards  below  the 
Biley  Graves  coal  bank,  the  following  section  was  measured : 
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XIV,  Record  of  Outcrop. 

( Tp.  62  N.,  R.  XV  W.,  Sec.  3,  Ne.  qr.  Ne.  t . ) 
Top  of  section  is  about  785  feet  A.  T. 

Feet. 

1.  Concealed 8 

2.  Limestone 3*^ 

3.  Shale,  black,  fissile 2 

4.  Coal  (Summit  bed) 1 

6.    Concealed 12 

6.  Limestone l}% 

7.  Shale,  black,  fissile 4ij 

8.  Smut— Macon  City  coaL  bed 

Top  of  Lower  Coal  Meaauret 

9.  Shale,  sandy 25 

10.  Shale,  drab  and  ash  colored 6 

11.  Coal  (Becier  bed)  3>i 

12.  Clay 1 

13.  Limestone  (exposed  to  bed  of  creek) i^ 

The  Sammit  coal  is  exposed  in  the  bed  of  the  branch  west 
of  the  charch  in  section  5  of  this  township  at  an  elevation  of 
aboat  720  feet  A.  T.  The  rocks  rise  eastward.  A  mile  east  of 
the  last  in  the  next  branch,  the  Bevier  coal  bed  lies  at  an  ele- 
Tation  of  aboat  750  feet  making  necessary  a  rise  of  the  rooks 
of  more  than  fifty  feet  in  this  distance.  In  section  4,  near 
where  the  branch  crosses  the  mid-line,  the  following  rocks  are 
exposed  all  of  them  being  below  the  Bevier  coal  bed : 

XV.  Record  of  Outcrop. 

{ Tp.  62  N.,  E.  XV  W.,  Sec.  4,  Nw.  qr.  Nw.  i.) 
Bottom  of  section  is  aboat  740  feet  A.  T. 

Feet. 

1.  Limestone  1 

2.  Limestone,  shaly.  decomposed 1 

8.    Limestone,  hard,  blae lu 

4.  Shale,  black,  fissile 3K 

5.  Clay,  shaly — 1 

Several  years  ago  a  shaft  was  sank  aboat  three-qaarters 
of  a  mile  west  of  Yates  station,  on  the  Ghioago  and  Alton  rail- 
road. After  sinking  the  shaft  to  a  depth  of  aboat  eighty  feet 
the  company  doing  the  work  abandoned  it.  Some  farmers  in 
the  neighborhood,  in  the  hope  of  striking  the  Bevier  coal  bed 
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drilled  a  hole  in  the  bottom  of  the  shaft  to  a  depth  of  about 
170  feet  from  the  sarface. 

The  record  reported  to  the  writer  by  E.  D.  Broaddns  of 
Yates  is  as  follows : 

XV L    Record  of  the  Yates  Shaft  and  Drill  Hole. 

(Tp.  52  N.,  R.  XX  W.,  Sec.  16,  Sw.  qr.  Nw.  i.) 
Top  of  shaft  is  about  840  feet  A.  T. 

Feet. 

1.  Clay,  with  bowlders 77 

2.  Sandstone 7 

BoUom  of  thaft  and  top  of  drill  holt. 

3.  Sandstone 27 

4.  Clay 1 

5.  Limestone,  hard 8 

6.  Ulay 4 

7.  Llmestooe 6 

8.  Clay 2 

9.  Limestone 7 

10  Coal i>i 

11.  Shale 6 

12.  Limestone  4 

13.  Shale... 14 

14.  Limestone SV2 

16.  Shale 16 

If  the  Bevier  coal  bed  remained  about  borizoutal  at  its 
average  elevation  along  Silver  creek  it  would  have  been 
encountered  here  about  thirty  feet  below  the  bottom  of  the 
shaft.  The  record  shows  twenty-seven  feet  of  sandstone  here 
and  beneath  that  clay  and  limestone,  which  it  does  not  require 
a  great  stretch  of  the  imagination  to  correlate  with  similar 
rocks  underlying  that  coal  at  all  of  its  outcrops.  It  is  prob- 
able, therefore,  that  at  this  point  the  Bevier  coal  bed  has  been 
replaced  by  sandstone.  It  is  reasonably  sure,  when  the  eleva- 
tion of  the  outcrops  of  the  rocks  on  both  sides  of  the  shaft  are 
considered,'that  the  bottom  of  the  drill  hole  is  below  the  hori- 
zon of  the  Bevier  coal  bed.  None  of  the  regular  Middle  Goal 
Measure  rocks  were  encountered  in  the  shaft. 

About  a  mile  and  a  half  southeast  of  Yates,  on  the  Hodson 
property,  the  rocks  are  exposed  about  as  follows : 
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XVII,     Outcrop  of  the  Hudson  Land. 
Bottom  of  Section  is  about  755  feet  A.  T. 

Feet. 

1.  Limestone,  containing  spots  of  decomposed  py rite Ua 

2.  Shale,  black,  fissile lis 

8.  Coeil(SumtuUbed) 1 

4.  Clay  and  sandy  shale,  aboQt 8 

6.  Limestone 2 

6.  Shale,  black,  fissile,  aboQt 2 

7     Coal  (Macon  City  bed) I'i 

Top  0/ Lower  Coal  Meaturet. 

8.  Clay  and  shales,  about 10 

9.  Coal,  about 4 

From  this  point  the  rocks  dip  rapidly  soathward  (  Fi^^  34 ) 
for  a  short  distance  and  then  lie  horizontal.    At  Forbis'  mill, 


Figure  34.    Showing  southward  dip  of  rocks  from  the  Hudson  outcrop. 

n  Tp.  5i  N.,  R.  XV  W.,  Sec.  28,  Ne.  qr.,  the  sequence  is  ap- 
proximately as  follows : 

XVIII.     Outcrop  near  Forbis'  Mill. 
Base  of  section  is  about  7tO  feet  A.  T. 

Feet. 

1     Concealed " 

2.    Limestone 9 

8.    Concealed  (shales?; 15 

4.  Limestone,  with  spots  of  pyrlte B 

5.  Shale,  black,  fissile   2 

6.  Coal  (Summit  bed) 1 

Interval  to  top  of  Lower  Coal  Meaturet 15 

In  Sec.  33,  Sw.  qr.  Nw.  i,  the  same  bed  of  coal  is  exposed, 
overlain  by  the  same  characteristic  limestone  of  the  above  sec- 
tion. Over  the  whole  southwestern  part  of  the  quadrangle 
this  limestone  is  easily  identified  by  its  massive  character,  and 
by  the  occurrence  in  it  of  abundant  spots  of  pyrite  which,  on 
exposure,  cover  the  face  of  the  rock  with  red  streaks. 

Two  and  one-half  miles  southwest  of  Forbis'  mill  the  fol- 
lowing outcrop  occurs : 
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XIX.  Record  of  Outcrop. 

<Tp.  62  N.,  R.  XV  W.,  Sec.  31,  Se.  qr.  Nw.  i.) 
Bottom  of  section  is  about  720  feet.  A.  T. 

Feet. 

1.  Concealed 

2.  Limestone,  blue,  hard,  contains  pyrlte  spots 3 

3.  Shale,  black,  fissile  at  botom ,  argillaceous  at  top 2 

4.  CoBiiC  Summit  hed) >a 

6.  Clay 16 

In  Tp.  51  N.,  R.  XV  W.,  Sec.  5,  Nw.  corner,  the  following 
rooks  are  exposed  in  the  road : 

XX.  Record  of  Outcrop. 
Top  of  section  is  aboat  760  feet  A.  T. 

Feet. 

1.  Concealed 8 

2.  Limestone 8 

8.    Shales,  sandy 10 

4.    Limestone 8 

6.    Shale 8 

6.  OobX  ( Summit  bed) 1 

7.  Concealed 12 

8.  Limestone 2V! 

9.  Shale  and  coal  f'Jfocon  Cify  b«<f; 3>i 

Top  of  Lower  Coal  Measure. 

Prof.  Broadhead  measured  the  following  section  in  the  Ne. 
i  of  section  7  : 

XXL    Record  of  Outcrop.    From  0.  0.  Broadhead. 

(Tp.  52  N.,  R.  XV,  Sec.  7,  Ne.  t.) 

Feet. 

1.  Shales,  argillaceous,  dove  colored 5 

2.  Coal,  bituminous,  lower  part  shaly 1 

3.  Clay 2 

4.  Concealed  with  sandy  shales  In  lower  part 8 

InterviU  to  top  of  Lower  Coal  Me€uurett  about 80 

It  is  believed  that  the  rocks  of  this  section  lie  about  35 
feet  above  the  upper  limestone  of  the  preceding  section.  This 
statement  is  based  on  an  outcrop  occurring  in  the  southwest 
corner  of  section  7.  In  the  road  at  this  place  a  dark  streak 
-among  some  sandy  and  argillaceous  shales  is  visible.  The 
4Streak  is  about  35  feet  above  a  bed  of  limestone  outcropping 
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in  the  branch  150  feet  eastward.  The  interval  given  may  be* 
wrong  bat  the  rook  iH  evidently  the  apper  limestone  bed  of  the 
preceding  section. 

Broadhead  says  that  it  is  not  possible  to  make  this  coal 
agree  with  his  general  section.  It  is  thought  by  him  to  occupy 
a  higher  stratigraphic  position  than  any  of  the  other  coals.  It 
is  probably  on  about  the  same  horizon  as  the  Beech  coal  bed. 

In  the  Nw.  i  of  the  Bw.  i  of  Section  30,  Township  52 
N.,  Range  15  W.,  about  i  mile  east  of  Beech's  coal  mine  the- 
following  rocks  are  exposed  : 

XXIL    Record  of  Outcrop. 
Top  of  section  is  about  750  feet  A.  T. 

Feet. 

1.  Sandstone  (exposed) . ;  8 

2.  Ltmestone 7 

3.  Clay  and  shale  (exposed) 5 

4.  IfUervtU  to  top  of  Lower  Co<U  Measures 8ft 

The  bed  Ko.  2  is  correlated  with  No.  2  of  section  XX  and 
the  sandstone  above  it  with  the  rooks  in  the  section  copied 
from  Broodhead. 

About  half  a  mile  south  of  this  locality  the  Summit  coal  out 
crops  in  the  bed  of  the  creek.  The  Beech  coal  shaft  is  located 
on  top  of  the  hill  just  across  the  range  line  west  of  the  last 
section.  It  is  twenty  feet  deep,  sunk  through  sixteen  feet  of 
soil  and  shale  and  four  feet  of  coal.  The  coal  is  only  a  few  feet 
above  the  top  of  the  last  section.  It  is  not  seen  to  outcrop 
near  the  shaft.  The  same  coal  bed  is  operated  on  the  Briggs 
farm  about  half  a  mile  northwestward.  These  are  the  only  ex- 
posures of  this  coal  met  with  within  the  area  unless  those  re- 
ferred to  above  ( in  the  Broadhead  section  and  in  southwest 
corner  of  section  7 )  be  the  attenuated  edges  of  the  basin. 
There  is  an  exposure  of  dark  shales  in  a  ditch  by  the  road- 
side in  Tp.  52  N.,  E.  XV  W.,  Sec.  18,  nw.  comer  at  an  eleva- 
tion of  780  feet  A.  T.  and  another  in  a  bed  of  sandy  shales 
about  half  a  mile  southwest  of  Armstrong  station.  These  are 
probably  on  the  same  horizon.  In  the  adjacent  township  to 
the  west  in  section  36,  the  Summit  coal  is  exposed  at  one  or 
more  places  at  an  elevation  of  about  720  A.  T. 
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In  section  16  of  this  township,  just  fiontheast  of  the  center, 
the  following  order  of  strata  is  disclosed  : 

XXIII.    Record  of  Outcrop. 
Top  of  No.  2  of  the  section  isaboat  765  feet  A.  T. 

Feet. 

1.  Concealed • 

2.  Limestone,  hard,  compact,  blue 2 

a.    Concealed 20 

4.    Limestone 1 

6.    Smut,  Top  of  Lower  Coal  Meatures 

6.    Shales,  argrlllaceous  with  Interbedded  sandstone- 10 

The  following  section  was  measured  by  Norwood  and 
pablished  in  the  report  of  the  Oeological  Survey  for  1873-74,. 
page  208  : 

XXIV.    Becord  of  Outcrop.    From  Norwood. 

(Tp.  52  N.,  R.  XIV  W.,  Sec.  20,  Nw.  qr.) 

Feet. 

1.  Slope 20  to  40- 

2.  Limestone,    rough -bedded,    fine    grained,    dove   and    gray. 

abounding  In  masses  of  Chaetetes  milleportteeotu 6 

8.    Shale,  argillaceous,  light  blue  and  ochre 8 

4.    Clay , •. 3 

6.    Slope    12 

6.  '*Rhomboldal  limestone" M-2 

7.  Shale,  drab 1 

8.  Shale,  bituminous 2 

9.  Coal  •*OoalB*' r'Sttmmi/ 6ed;...., \'2 

10.  Slope 8 

11.  Shale,  greenish,  arenaceous,  with  thin  beds  and  noddies  of 

bluish  drab  limestone  thickly  distributed  through  tbe 
clay  or  shale R 

12.  Limestone,  In  three  layers,  hard,  compact,  fine-grained,  choc- 

olate and  grayish 14(1 

18.    Shale,  olive  and  slightly  calcareous 2M 

14.    Shale,darkblue  with  knife  edges  of  coal  (Coal  0)  {Macon  City 

bed) 1 

16.    Slope 16 

16.  Sandstone,  gray,  Indurated Vi 

17.  Sandstone 10>^ 

18.  Sandy  shale 6 

This  is  a  compiled  section  from  oatcrops  occaring  near 
the  locality  given  above. 

On  Doxy  fork  and  in  Tp.  52  N.,  R.  XVI  W.,  Sec,  16,  Ne» 
qr.,  Norwood  measured  the  following  section : 
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XXV.    From  Norwood. 

Feet. 

1.  Sandstone,  shalj  and  shale  

2.  Limestone,  rougb,  light  drab  to  gray,  floe  grained,  specks  of 
calclte  disseminated 2 

s.    Shale,  abounding  In  olive  and  dark  calcareous  spots.  Spiri/er 

planocanvexua  and  other  fossils  3 

4.    Coal  smut— not  persistent  

6.  Limestone,  nodular,  ash,  drab  and  gray  argillaceous  abound- 
ing m  Fusulina ^2 

6.  Shale  and  masses  of  buff  cellular  limestone ^, 

7.  Limestone,  fine  grained,  drab 2 

8.  Shaleand  thin  beds  of  limestone 1 

9.  Limestone,  Irregularly  bedded.    The  top  Is  very  light  drab  and 

shelly   while  the  lower  partis  compact,  tine  grained  and 

bluish 6 

10.  Limestone,  blue  and  dove-colored 1 

11.  Limestone,  bluish  gray 1 

12.  ChSBtetes  limestone,  dlvlslOQ  A 8 

13.  OhsBtetes  limestone,  division  B 2K2 

U.    Slope,  argillaceous  shale  Is  seen  at  top 17 

16.    Limestone,  rhomboldal 2 

16.  Shale  argUIo-bltumlnous 2 

17.  Ooal,B.  {Summit)  1 

THE   MOBEBLT  SANDSTONE. 

The  oatcrops  of  this  sandstoDe  are  nnmeroas,  thoagh  in 
many  places  there  are  no  features  to  distiDgnish  it  from  the 
regular  interbedded  sandstones  occurring  in  the  Lower  and  Mid- 
dle Goal  Measures.  As  a  general  thing,  however,  it  is  coarser, 
more  heavily  bedded  and  often  shows  cross  bedding,  while  the 
sandstones  regularly  conformable  and  interbedded  with  the 
other  strata  are  rarely  or  never  cross  bedded,  are  generally 
thinly  bedded  and  are  flue  grained.  The  most  significant  expos- 
ure of  this  sandstone  within  the  area  of  the  sheet  is  shown  in  fig- 
ure 36.  The  outcrop  is  in  Tp.  53  N.,  R.  XIV  W.,  Sec.  18,  Sw. 
corner  and  the  figure  shows  the  relation  of  beds  thence  north- 

Figure  35. 

ward  to  Sweet  Springs  creek  and  southward  about  i,300  feet. 
The  limestone  at  the  base  of  the  section  is  correlated  with 
the  limestone  underlying  the  Bevier  coal  bed.    The  latter  is 
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i'xposed  ID  the  bed  of  the  branch  about  1,300  south  of  the  oat- 
crop.  In  a  small  hollow  300  feet  west  of  this  oatcrop  the 
sandstone,  conglomerate  and  limestone  are  exposed  showing 
the  same  soccesslon  and  the  same  character  of  rocks.  The 
limestone  weathers  into  the  rugged  pitted  mass  which  is  char- 
acteristic of  the  underlying  limestone  of  the  Bevier  coal  bed 
wherever  exposed. 

The  line  of  contact  between  the  conglomerate  and  the 
limestone  has  a  northward  dip,  but  the  limestone  bed  itself 
remains  horizontal  until  replaced  by  the  sandstone.  On  Sweet 
Spring  creek,  a  mile  north  of  this  place,  the  sandstone  extends 
from  the  top  to  the  base  of  the  bluffs  in  a  bed  about  fifty  feet 
thick,  and  between  the  two  places  there  are  many  outcrops  of 
sandstone  but  none  of  any  other  rocks. 

The  base  of  the  bluffs  is  about  thirty-five  feet  lower  than 
the  conglomerate  in  the  section.  An  exposure  much  like  this 
one  was  measured  by  Oordon  in  Section  8  Tp.  54  N.,  B. 
14  W.  Prof.  Oordon  does  not  give  the  thickness  of  the  beds 
in  every  case  but  the  succession  is  the  significant  part.  It 
runs  as  follows : 

XXVI,     Record  of  Outcrop, 

<  Tp.  53  N.,  B.  XIV  W.,  Sec.  8,  Ne.  qr.  Sw.  i). 
Base  of  outcrop  is  about  740  feet  A.  T. 

Feet. 

1 .  Ooncealed 

2.  Sbalj  rock,  dark 

8.    Shales,  sandy,  micaceous 

4.  Sandstone 3 

5.  * '  Limestone  conglomerate  " 2 

Several  years  ago  a  shaft  was  sunk  at  Moberly.  The  record 
was  reported  by  E.  Silk.  It  is  stated  that  there  were  eighty- 
five  feet  of  clay  and  sand,  underlain  by  115  feet  of  sandstone, 
and  at  the  base  of  this  rock  a  bed  of  conglomerate  about  two 
feet  thick.  Lower  down  beds  of  limestone  and  a  few  thin 
beds  of  coal  were  encountered.  Winslow  reports  the  finding 
of  a  contact  similar  to  the  one  described  above,  in  western 
Monroe  county,  several  miles  east  of  Moberly,  where  there  is 
a  clear  uniformity  between  the  sandstone  with  its  basal  con- 
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glomerate  and  the  anderlying  rocks.  Another  contact  similar 
to  those  jast  described  is  partly  exposed  aboat  1,500  feet 
down  the  creek  from  the  brick  works  situated  in  the  hollow 
abont  a  mile  soathwest  of  Moberly.  The  belt  of  sandstone- 
connects  all  these  localities  oontinaously. 

Down  Sweet  Spring  creek  for  aboat  two  miles  below 
where  the  stream  passes  the  14-15  range  line  the  bluffs  on  the 
southern  side  are  sandstone  from  top  to  base  and  in  the  hol- 
lows for  a  little  more  than  a  mile  south  of  the  creek  sandstone 
is  the  only  rock  exposed.  At  the  Bagby  mill  this  rock  out- 
crops in  the  road  on  the  northern  side  of  the  creek.  In  a 
bluff  near  the  church  about  1,500  feet  southwest  of  the  mill 
a  thickness  of  twenty  feet  of  the  same  formation  is  exposed. 

In  Tp.  53  N.,  B.  XV  W.,  Sec.  6,  Sw.  i  and  continuing  dowu 
the  creek  half  a  mile,  the  sandstone,  false-bedded  and  inter- 
bedded  with  shale,  is  exposed  in  the  bluffs  to  a  thickness  of 
about  fifty  feet  and  again  in  the  northwest  quarter  of  section 
12  in  the  township  just  to  the  west.  One  mile  north  of  this 
locality  a  limestone  is  exposed  in  a  hollow  at  an  elevation  of 
about  7U0  feet  A.  T.  It  is  not  possible  with  the  data  now  at 
hand  to  determine  whether  this  is  outside  the  limits  of  the 
sandstone  bell  or  whether  it  is  near  its  edge  and  has  been 
uncovered  by  the  erosion  of  the  thin  edge  of  the  sandstone 
from  above  it,  neither  do  we  know  just  where  to  place  the 
limestone  in  the  section. 

Further  down  the  stream  the  bluffs  are  low  and  the  topo- 
graphy rolling.  The  sandstone  beds  do  not  appear  so  promi- 
nently, though  none  of  the  regular  beds  of  limestone  were 
found.  The  sandstones  are  exposed  in  sections  16  and  17, 
the  bluffs  in  the  latter  being  wholly  made  up  of  such  rook. 
In  no  place,  on  approaching  the  belt  of  sandstone,  do  the 
regular  coal  measures  show  any  dip  in  either  direction  to  indi- 
cate an  anticline  or  syncline  running  along  the  axis  of  the  sand- 
stone belt  The  transition  on  the  surface  from  heavy  oross- 
beded  sandstone  to  the  regular  limestone  and  shale  beds  of 
the  undisturbed  Coal  Measures  is  sudden  but  without  sign  of 
crnstal  movements.    No  sandstone  bed  which  compares  with 
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it  iD  thickness  and  character  is  foand  among  the  other  rocks. 
These  facts,  together  with  the  nndoabted  anconformity  shown 
in  a  few  places,  and  the  fact  that  the  belt  is  continaous,  leaves 
little  doabt  that  the  whole  belt  represents  a  distinct  period 
of  deposition,  and  that  the  sandstone  fills  a  channel  of  erosion 
in  the  older  Goal  Measure  rocks. 

Another  sandstone  which  very  probably  belong  to  the 
same  series  of  deposits  is  exposed  in  a  small  tributary  of  Bonne 
Temme  creek  aboat  two  and  one-half  miles  southwest  of  Yates. 

Figure  36  shows  the  relation  of  this  rock  to  the  lower  beds 
displayed  in  an  outcrop  on  the  east  bank  of  the  creek  near 
where  the  half-mile  line  running  east  and  west  through  section 
^,  T.  52  N.,  B.  XY  W.  crosses  the  branch  and  Fig.  37  shows  the 
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relation  on  the  opposite  side  of  the  branch  at  the  mouth  of  a 
small  ravine  about  1,000  feet  south  of  the  former  outcrop.  The 
contact  at  the  last  outcrop  is  not  exposed.  There  is  no  sign 
whatever  of  faulting,  and  since  the  contact  in  the  first  case  is 
unmistakably  an  unconformable  one  and  since  the  banks  of  the 
branch  between  the  two  points  are  composed  of  sandstone,  the 
latter  is  presumably  of  the  same  nature. 


Figure  87. 
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Aboat  a  mile  soathwest  of  this  locality  a  coarse,  heavily 
bedded  reddish  sandstone  was  seen  bat  no  contacts  with  other 
rocks  were  exposed.  It  was  not  traced  farther  in  this  direc- 
tion. It  will  be  remembered  that  there  is  a  rather  heavy  bed 
of  sandstone  in  the  shaft  and  drill  hole  at  Yates  and  that  the 
regalar  Middle  and  apparently  the  Lower  Goal  Measare  rocks 
down  to  and  inclading  the  Bevier  coal  bed  were  absent  and 
the  place  occapied  by  sandstone.  This  may  be  explained  by 
supposing  them  to  have  been  cat  oat  by  a  former  drainage  sys- 
tem and  the  channel  sabseqaently  refilled  with  sand.  Direct 
connection  northward  with  the  Moberly  sandstone  belt  could 
not  be  traced  and  the  evidence  is  pretty  conclusive  that  it 
does  not  exidt  within  the  area  of  the  quadrangle.  If  it  is  con- 
nected with  that  sandstone  it  must  be  through  a  channel  en- 
tering it  somewhere  west  of  the  area. 

SUPBRFIOIAL  DEPOSITS. 

These  consist  of  glacial  deposits  and  alluvium.  The  gla- 
cial deposits,  according  to  Todd*  consist  of  two  divisions,  a 
lower  ice-laid  drift  or  till  and  an  upper  water-laid  drift  or  the 
gray  loamy  clay. 

The  Till  The  till  consists  priuoipally  of  sand  and  clay 
with  a  rather  low  percentage  of  gravel.  Occasional  bowlders 
of  both  northern  and  local  origin  occur  in  it,  those  of  local 
origin  being  the  most  abundant  and  largest  Very  rarely  larger 
bowlders  of  northern  origin  are  met  with.  In  such  oases  they 
are  either  granite,  quartzite  or  diabase.  Daring  the  prosecu- 
tion of  the  field  work  half  a  dozen  large  bowlders  were  met 
with.  The  largest  one  was  found  about  a  mile  east  of  Higbee. 
It  contained  about  150  cubic  feet.  Several  smaller  ones  were 
found  along  Silver  creek  west  of  Higbee.  The  average  thick- 
ness of  the  till  in  Randolph  county  will  probably  not  exceed 
20  feet.  The  upper  phase  of  the  drift,  the  gray  loamy  clay  has 
a  maximum  thickness  of  at  least  50  feet  and  where  it  has  suf- 
fered no  erosion  it  may  be  thicker.  The  total  thickness  of 
superficial  deposits  at  Higbee  and  Yates  is  about  70  feet  but 
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there  are  no  facts  on  record  to  show  how  much  of  this  is  clay 
and  how  mach  is  till.  At  the  Elliott  shaft  aboat  four  miles 
northeast  of  Higbee  the  gray  clay  is  aboat  25  feet  in  thickness 
and  the  till  aboat  the  same.  The  latter  is  thicker,  there,  ap- 
parently, than  at  Higbee.  On  the  ridge  in  the  vicinity  of  Hants- 
ville  and  eastward  the  total  thickness  of  anconsolidated  ma- 
terial is  aboat  the  same  as  at  Elliott,  thoagh  the  relative  pro- 
portion of  the  two  phases  is  not  known. 

The  Gray  Loamy  Olay.  This  deposit  is  safficiently  de- 
scribed by  its  name.  It  consists  principally  of  qaartz  in  an 
an  exceedingly  fine  state  of  division.  Microscopic  examina- 
tion shows  a  rather  small  percentage  of  other  constitaents. 
There  does  not  appear  to  be  any  noticeable  percentage  of  nn- 
decomposed  rock  present.  It  is  not,  therefore,  a  typical  rock 
floar. 

In  the  vicinity  of  the  streams  this  formation  approaches 
the  typical  loses  of  the  Missoari  and  Mississippi  rivers  in 
character,  and  in  the  extreme  soathwestern  corner  of  the 
qaadrangle  it  gives  place  to  the  latter. 

STRUCTURAL  GEOLOGY. 

The  geologic  strnctare  of  the  area  is  very  simple.  There 
is  a  gradaal  dip  of  the  rocks  westward  or  northwestward.  The 
elevation  of  the  Bevier  coal  bed  at  the  northeastern  corner  of 
the  sheet  is  aboat  735  feet  A.  T.  and  at  the  northwestern 
corner  it  is  aboat  640  feet  A.  T.  At  Higbee  the  same  coal  bed 
is  aboat  690  feet  A.  T.  and  at  the  Graves  mine,  on  Silver  creek, 
it  is  aboat  710  feet  A.  T.  From  this  point  it  gradaally  de- 
scends passing  below  the  bed  of  the  creek  at  the  Fallington 
stripping  in  Tp.  63  N.,  R.  XV  W.,  Sec.  34.  From  here  it  dips 
aboat  with  the  bed  of  the  creek  and  at  the  Ware  drift  in  the 
northwest  qaarter  of  the  next  township  to  the  west  is  aboat 
640  feet  A.  T. 

From  Higbee  soathward  the  Bevier  coal  bed  rises  very 
slightly.  At  the  shaft  of  the  Higbee  Goal  and  Mining  Com- 
pany it  lies  aboat  690  feet  above  sea  level.  At  the  McDonald 
shaft,  two  miles  soath  of  Higbee,  it  is  aboat  710   feet  above 
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the  same  datam  and  at  Bassell  switch  near  the  southern  line 
of  the  qaadrangle  it  is  25  or  30  feet  higher.  From  Higbee 
westward  there  is  a  rise  of  the  coal  bed.  At  the  Hudson  farm, 
one  and  one-half  miles  southeast  of  Yates,  the  Bevier  coal  bed 
lies  at  an  elevation  of  about  750  feet.  Bouthwestward  from 
this  locality  the  rocks  dip  rapidly  in  the  same  direction  for  a 
few  hundred  feet  then  more  gradually  to  the  vicinity  of  the 
Forbis  mill  south  of  which  they  lie  about  horizontal.  Directly 
westward  from  the  Hudson  farm  there  are  very  few  outcrops 
to  indicate  the  structure,  but  from  Armstrong  westward  the 
rocks  show  a  gradual  dip  south  west  ward.  Northwestward 
from  the  Hudson  farm  the  rocks  dip  very  slightly. 

There  is  therefore  an  uplift  running  across  the  southern 
part  of  the  sheet  the  axis  of  which  passes  through  the  Hudson 
fbrm  and  runs  in  a  Nw.  Se.  direction  crossing  the  M.,  K.  and 
T.  railroad  near  Russell  switch.  It  dies  out  toward  the  north- 
west being  imperceptible  beyond  Boanoke.  From  Hunts ville, 
where  the  Bevier  coal  bed  lies  about  730  feet  above  sea  level 
westward,  the  rocks  lie  almost  perfectly  horrizontal  for  a  dis- 
tance of  about  two  and  a  half  miles  at  least.  For  the  next 
mile  or  two  there  are  no  outcrops  which  furnish  a  clue  to  the 
structure,  but  beyond  Olifton  hill  there  is  a  dip,  apparently 
rather  rapid,  to  the  west  northwest,  so  that  at  the  next  point 
where  the  Bevier  coal  bed  is  exposed,  near  the  western  line  of 
the  area  it  lies  at  an  elevation  of  about  645  feet  above  sea 
level. 

UNCONFORMITIES. 

There  are  two  unconformities  in  the  Paleozoic  section  of 
the  Huntsville  quadrangle;  that  between  the  Lower  Carbonif- 
erous limestone  and  the  Coal  Measures,  and  that  between  the 
Coal  Measures  and  the  Moberly  sandstone.  Each  is  the  result, 
however,  of  nothing  more  than  an  elevation  above  sea  level 
and  subsequent  erosion.  No  folding  or  other  orogenio  dis- 
turbance occurred  in  the  meantime.  The  oscillations  of  level 
which  have  occurred  since  the  physical  history  of  the  area 
began  have  been  a  slow  areal  submergence  and  emergence  un- 
accompanied by  lateral  pressure. 
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ECONOMIC  GEOLOGY. 

The  deposits  of  economic  importance  within  oar  area  are 
soils,  coals  and  clays. 

SOILS. 

The  basis  of  all  soils  is  the  product  of  rock  disintegration. 
Books  may  disintegrate,  and  the  soil  thas  made  may  remain 
in  the  place  occupied  by  the  rock  from  which  it  was  derived, 
or  the  soil  may  be  carried  away  from  its  parent  locality  by  the 
varions  agencies  of  natural  transportation  and  be  dropped  in 
another  place.  The  former  are  called  sedentary  or  residuary 
soils  and  the  latter  transported  or  foreign  soil.  A  pure  seden- 
tary soil  probably  has  more  of  a  theoretical  than  actual  exist- 
ence. In  the  gradual  breaking  up  of  the  rocks,  there  is  an  in- 
evitable creep  down  the  slopes,  which  results  in  a  more  or 
less  thorough  mixing  of  the  products  of  the  various  kinds  of 
rock  on  the  slopes.  It  should  not  be  expected  therefore  in  a 
region  of  so-called  sedentary  soils  that  there  would  be  a  com- 
plete and  sudden  change  from  soil  of  one  kind  to  that  of  an- 
other in  passing  from  an  outcrop  of  one  kind  of  rock  to  that 
of  a  different  kind.  Another  condition  of  things  aiding  in 
producing  a  soil  of  various  constituents  is  that  the  soil  at  any 
particular  place  ( leaving  out  the  creep )  contains  constituents 
derived  from  rocks  originally  overlying  the  present  country 
rock.  These  originally  overlying  rocks  may  have  been  of 
great  thickness  and  of  greatly  varying  character. 

There  are  no  sedentary  soils  within  the  area  of  the  Hunts- 
ville  quadrangle. 

Of  the  foreign  soils  of  the  area  there  are  two  kinds :  1st, 
those  derived  from  the  various  deposits  of  the  glacial  period  ; 
2ad,  those  derived  from  the  alluvial  deposits  of  the  streams. 
Soils  of  the  first  or  drift  deposits  cover  by  far  the  larger  part 
of  the  area.  Two  phases  of  drift  deposits  are  represented,  and 
each  has  its  characteristic  features.  The  soil  derived  from  the 
drift  clay  is  cold  and  close.    It  consists  of  a  tough,  yellow  clay 
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with  80  little  sand  that  the  draiaage  is  poor.  It  is  the  poorest 
soil  in  the  area.  When  it  is  not  caltivated,  it  is  covered  with  a 
dense  thicket  of  white  oak  sapplings.  It  occapies  the  belt  of 
rogged  topography  of  the  second  division  of  the  topographic 
featnres  of  the  area.  After  several  years  of  carefal  cultivation 
it  becomes  a  good  grass  producer.  The  soil  derived  from  the 
deposits  representing  the  other  phase  of  the  drift  are  the  most 
prodnctive  within  the  area.  They  are  the  basis  of  its  agricultural 
prosperity.  They  represent  a  distinct  phase  of  glacial  deposits  in 
the  area.  They  apparently  become  better  soils  as  the  streams  are 
approached  and  as  the  Missouri  river  is  approached.  In  the 
southwestern  part  of  the  area  they  are  apparently  richer  than 
elsewhere.  On  the  supposition  that  this  deposit  is  the  equiva- 
lent of  the  loess,  so  well  developed  along  the  Missouri  river» 
this  is  what  should  be  expected.  As  that  stream  is  approached 
it  becomes  more  like  the  typical  loess  which  constitutes  the 
richest  soil  within  the  state.  Further  away  from  that  stream 
it  would  be  close  and  more  argillaceous.  It  is  easily  tilled  and 
produces  good  crops  of  both  grain  and  grasses.  It  covers 
the  whole  area  of  the  sheet  excepting  the  floodplains  of  the 
streams  and  the  small  areas  along  the  eastern  side  and,  in  fact, 
it  is  not  perfectly  dear  that  the  so-called  clay  soils  of  the  mar- 
gin of  the  *^grand  divide"  are  not  the  argillaceous  phase  of  the 
higher  deposit  when.it  has  been  eroded  and  probably  mixed 
with  the  day. 

The  alluvial  soils  are  confined  to  a  limited  area.  The 
topographic  sheet  shows  their  distribution.  They  are  of  a 
black  or  ashen  color  and  are,  when  well  drained,  very  fertile. 
So  far  they  have  been  insignificant  as  a  wealth  producer  on 
account  of  lack  of  drainage.  During  stages  of  excessively 
high  water,  the  greater  part  of  these  floodplains  is  sub- 
merged, and  when  not  overflowed  from  the  streams,  water 
stands  on  them  in  many  places  from  lack  of  outlet  to  the 
streams,  as  well  as  from  the  dose  clayey  character  of  the 
deposit  The  surface  drainage  is  the  only  drainage  they  have 
and  this  is  exceedingly  poor.  The  narrow  strip  of  recently 
built  floodplain  along  the  streams  is  sufficiently  well  drained 
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to  Bapport  a  laxariant  growth  of  forest  trees.  The  rest  of 
these  floodplains  is  bare  of  timber  though  they  grow  a  coarse 
grass.  DnriDg  comparatively  dry  seasons  they  produce  good 
crops  bot  daring  wet  seasons  they  produce  nothing.  By  con- 
tinued oultivation  they  become  better  producers.  The  stirring 
of  the  top  makes  it  capable  of  draining  off  part  of  the  water 
and  hastens  evaporation.  With  proper  ditches,  levees  and 
careful  cultivation  they  may  be  made  valuable.  On  account 
of  the  exceedingly  close  character  of  the  soil  tile  drainage 
will  probably  be  difficult. 

GOAL. 

Goal  is  mined  on  a  large  scale  at  a  great  many  localities 
within  the  area.  At  some  of  them  it  is  carried  on  on  an  exten- 
sives  cale,  the  land  and  equipments  constituting  valuable  pieces 
of  property.  Many  of  the  openings,  however,  are  small  country 
mines  which  are  operated  only  at  widely  separated  intervals. 

Mining  is  prosecuted  at  present  almost  exclusively  on  one 
bed  of  coal,  the  Bevier  bed.  It  lies  so  near  the  surface  that  it 
outcrops  abundantly  in  the  hillsides,  and  being  rather  a  thick 
bed  it  is  easily  located.  It  rarely  underlies  more  than  175  feet 
of  overlying  rook  in  the  areas  where  it  is  known  to  occur  and 
on  the  average  its  depth  is  probably  not  more  than  100  feet 

There  are  four  other  beds  outcropping  within  the  area, 
from  all  of  which  coal  has  been  mined  though  to  an  exceed- 
ingly small  extent.  They  all  overlie  the  Bevier  bed  and  are,  in 
ascending  order,  the  Macon  Oity,  the  Bummit,  the  Gross  and 
the  Beech  coal  beds. 

The  Bevier  coal  bed  is  the  lowest  of  workable  thickness 
known  to  underlie  any  considerable  part  of  the  area  of  the 
sheet.  The  oldest  mines  in  this  part  of  the  state  are  operated 
in  this  seam.  The  first  coal  mines  in  the  vicinity  of  Huntsville 
were  opened  by  Chapman  and  Eeece  but  the  date  is  not  given.* 

In  1878  there  were  shipped  from  Huntsville  about  85,000 
tons  ofcoal  which  probably  represents  the  total  shipments  from 
the  area  of  the  sheet  at  that  time.  The  industry  has  advanced 
gradually,  though  slowly  since  then.    During  the  year  ending 

*Ul0tory  of  Randolph  and  Macon  Counties,  p.  2iu. 
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Jane  30, 1897,  there  were  prodaced  from  tbe  Bandolph  county 
mines  about  220,000  tons  of  coal. 

The  most  extensive  mines  now  in  operation  are  in  the  vi- 
cinity of  Huntsville  and  Higbee.  About  two  miles  east  of  the 
former  on  the  Wabash  railroad  near  the  midline  of  section  32 
is  a  shaft  operated  by  Breckenridge  of  Huntsville.  It  was 
sunk  in  the  summer  of  1890,  and  is  supplied  with  a  double 
hoist  with  steam  machinery  for  handling  the  coal,  and  it  is 
connected  with  the  railroad  by  a  switch.  Tbe  shaft  is  about 
ninety  feet  deep,  a  record  of  which  has  already  been  given 
( see  section  II).  The  coal  bed,  four  feet  and  six  inches  thick, 
is  divided  into  two  benches,  the  upper  of  which  is  three  and 
one-half  feet  thick.  The  mine  is  operated  continuously 
throughout  the  year  and  furnishes  employment  to  about  eighty 
men.  The  product  is  shipped  to  Kansas  City  and  local  points 
and  is  used  almost  exclusively  as  a  steam  producer. 

About  half  a  mile  west  of  this  is  old  No.  2,  which  has  been 
abandoned  for  several  years.  It  was  about  the  same  depth 
and  operated  on  the  same  bed. 

Nos.  2^,  3  and  4  are  located  westward  along  the  railroad. 
The  first  named  has  been  abandoned  many  years,  the  next  was 
operated  until  about  four  years  ago  when  its  top  works  were 
burned,  and  No.  4  has  been  abandoned  and  filled  up  many 
years.  No.  3i,  located  about  300  feet  east  of  the  railway 
station  at  Huntsville,  is  an  old  mine,  but  still  a  good  producer. 
All  these  mines  operate  on  the  same  bed  of  coal,  which  has 
everywhere  about  the  same  thickness,  about  four  feet,  and  the 
same  character.  Tbe  shafts  are  all  doable  hoists  and  equipped 
with  steam  machinery.  The  mines  most  extensively  operated 
at  the  present  time  in  the  vicinity  of  Huntsville  are  those 
operated  by  Oaffrey  and  Baker.  In  character,  the  workings  are 
drifts  and  all  are  located  about  half  a  mile  west  of  town.  They 
are  connected  with  the  railroad  by  a  switch  over  which  the  com- 
pany operates  its  own  engine. 

The  following  section  from  one  of  the  mines  at  Huntsville 
is  a  fair  representation  of  the  Bevier  bed  in  that  vicinity  : 
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XXVVI.     From  Winslow. 
Detail  of  Bevier  Goal  bed  at  Hantsville. 

Feet.    Inches. 

1.  Sbale,  drab 25 

2.  Shale,  black 8 

3.  Coal 3 

4.  Clay  or  shale  parylDg 2-4 

6.    Coal 10 

6.  Clay 6-8 

7.  Limestone 

Another  groap  of  important  mines  is  in  the  vicinity  of 
Higbee. 

The  shaft  of  the  Higbee  Goal  Gompany  is  half  a  mile  west 
of  town.  The  bed  is  abont  three  and  one-half  feet  thick  with  a 
thin  clay  parting  abont  six  inches  from  the  bottom.  The  coal 
is  of  abont  the  same  qnality  as  at  Hnntsville,  and  is  nsed  for 
steam  generating  purposes. 

The  following  is  a  detailed  section  of  the  coal  bed  here  : 

XXVIII,     Prom  Winslow, 
Details  of  Bevier  coal  bed  at  Higbee. 

Feet.  Inches. 

1.  Shale HO 

2.  Coal 33-86 

3.  Clay  parting 1-2 

4.  Coal  6 

6.  Clay 8 

6.  Limestone 

The  McDonald  shaft  of  the  Inter-State  Goal  Gompaoy  is 
sitnated  two  miles  sonth  of  Higbee.  The  same  bed  of  coal  is 
worked  here  as  at  the  Higbee  shaft.  The  section  is  the  same 
as  at  Hnntsville,  excepting  that  the  top  coal  reaches  a  thick- 
ness in  some  places  of  forty-two  inches.  It  varies  from  thirty 
to  forty-two  inches  of  top  coal,  and  from  eight  to  ten  inches  of 
bottom  coal.  These  two  mines  are  the  only  important  pro- 
dncers  in  this  part  of  the  area.  They  are  both  well  eqnipped 
with  machinery  and  are  valnable  pieces  of  property. 

In  Tp.  54  N.,  E.  XVI  W.,  Sec.  31,  a  number  of  openings 
have  been  made  on  a  coal  bed  which  has  been  correlated  with 
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the  Bevier  bed.  There  is  one  shaft  and  several  small  driits. 
In  a  drift  on  the  land  of  Asa  Oann,  Winslow  measured  the 
following  section : 

Section  XXIX, 
Details  of  coal  bed  at  the  Asa  Gnnn  drift. 

Feet.  Inches. 

1.  Shale 16-20 

2.  (Joal 80 

8.    Shale 18-24 

4.    Coal 18-24 

6.    Clay 

6.    Limestone 

Abont  half  a  mile  sonth  of  this  on  the  railroad  are  two 
abandoned  shafts  in  which  the  same  coal  bed  was  worked  and 
the  detailed  section  of  the  bed  was  the  same.  This  coal  is 
worked  in  many  small  banks  in  other  places  in  the  area,  bat 
they  are  of  no  commercial  importance.  Most  of  these  locali- 
ties have  been  described  in  the  preceding  pages.  It  is  nn- 
necessary  to  say  any  more  of  them. 

CLAY  DEPOSITS.* 

Randolph  connty  is  destined  to  become  an  important  clay 
manofactaring  center.  Its  clay  deposits  are  extensive  and 
valaable.  Its  coal  deposits  make  fael  cheap  and  its  transpor- 
tation facilities  are  already  good.  The  clay  deposits  of  the 
connty  consist  of  clay  shales,  onder  day,  drift  clay,  loess  and 
allnvinm  inclnding  gnmbo. 

Shales.  The  most  extensive  shale  bed  within  the  area  of 
the  Hantsville  sheet  is  the  one  immediately  overlying  the  Be- 
vier  coal  bed.  Its  thickness  varies  from  15  to  30  feet.  It 
consists  nsnally  of  two  phases,  an  upper  sandy  phase  and  a 
lower  fine  grained  or  plastic  phase.  It  is  shown  in  all  the  sec- 
tions of  the  rocks  associated  with  the  Bevier  coal  bed  and  is 
described  and  its  thickness  noted  in  many  sections  in  this  re- 
port Over  a  large  area  inclnding  the  greater  part  of  the 
sheet  and  extending  into  sarroanding  areas  it  lies  jast  above 
drainage  level  making  its  mining  easy  and  cheap.    A  sample 

*The  technical  data  for  this  part  of  the  report  were  furnished  by  Mr.  H. 
A   Wheeler  of  St.  Louis. 
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from  this  bed  at  the  Staart  and  Bobinson  mine  at  HnntsTille 
was  collected  by  Wheeler  and  gave  the  following  tests :  Color 
variable,  mainly  a  light  yellow  to  gray  to  brown.  Texture, 
coarsely  lammellar,  hard  and  fine  to  coarse-grained.  Taste, 
lean  and  very  sandy.  Slacks  slowly  into  coarse  flakes  and 
grannies.  Pyrite  is  not  noticeable  bat  sand  is  very  abun- 
dant in  some  places.  It  does  not  effervesce  in  hydrochloric 
acid.  When  gronnd  to  20  mesh  and  united  with  19  per  cent  of 
water  it  made  a  somewhat  lean  paste  that  shrank  5.5  per  cent 
in  drying  and  65  per  cent  on  vitrifying,  giving  a  total  shrink- 
age of  12  per  cent.  The  air  dried  mud  had  an  average  tensile 
strength  of  99,  and  a  maximum  of  122  lbs.  to  the  square  inch. 
Incipient  vitrification  occurs  at  1,800,  complete  at  1,950  and  it 
is  viscous  above  2,109  degrees  F.  It  dried  rapidly  and  heated 
without  cracking  and  burned  to  a  compact,  tough  body  of  fine 
red  color.  It  is  an  excellent  terra  cotta  clay  and  probably 
would  make  a  good  paving  brick  and  a  chemical  analysis  gave: 

Per  cent. 

Silica 66  86 

Alumina 17.97 

Water 6. 98 

Molstare 2.46 

Iron  sesquloxlde 9.86 

Lime T 1.67 

Magnesia 1.12 

Alkalies 2.61 

Total 98.99 

Total  fluxing  impurities  14.75%,  specific  gravity  2.45. 
Another  bed  of  shale  equally  good  as  this  one  lies  beneath 
the  ''  bottom  rock "  of  the  Bevier  coal  bed.  Its  value  is 
lessened  on  account  of  its  occurrence  over  a  large  part  of  the 
area  beneath  drainage  level  making  it  necessary  to  win  it  from 
shafts  and  also  to  supply  artificial  drainage.  A  sample  from 
an  outcrop  a  mile  and  a  half  northwest  of  Huntsville  was  col- 
iected  by  Wheeler  and  gave  the  followingresults  when  tested: 
Oolor,  gray  to  olive  (  dry )  and  heavily  stained  yellow  to  brown 
by  iron.  When  wet,  dark  gray  to  blue.  Texture,  lammellar, 
soft,  rather  fine  grained  and  uniform.  Taste  fat  and  slightly 
•sandy.  Slacks  readily  to  flakes  and  granules  of  small  size. 
Pyrite  was  not  noticeable  and  hydrochloric  acid  caused  no 
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effervesence.  When  groand  to  20  mesh  and  mixed  with  2^1 
per  cent  of  water  it  made  a  plastic  paste  which  shrank  7.8  per 
cent  in  drying  and  5.8  per  cent  when  vitrified,  giving  a  total 
shrinkage  of  13.6  per  cent.  The  air-dried  mad  had  an  average 
tensile  strength  of  168  and  a  mazimom  of  180  poands  to  the 
square  inch.  Incipient  vitrification  occurred  at  1,V00°,  com- 
plete, at  1,860°  and  the  mass  became  viscoasat  1,950  degrees  F. 

It  bnrned  to  a  compact,  toagb,  red  body  when  vitrified. 
It  dried  rapidly  withoat  checking  bnt  required  to  be  heated 
rather  slowly  to  avoid  cracking.  It  is  suitable  for  terra  cotta,. 
paving  brick  and  sewer  pipe. 

A  chemical  analysis  gave : 

Per  cent. 

Silica 68.42 

Alumlca 26.36 

Combined  water 6. 74 

Moisture 1.41 

Iron  sesqaloxlde 6.61 

Lime 1.12 

Magnesia 1.67 

Alkalies 2.97 

Total 100.61 

Total  fluxing  Imparities 9.68 

Sped  lie  gravity 2. 16 

Shale  beds,  which  seem  to  belong  to  the  Moberly  sand- 
stone series  are  extensively  nsed  at  Moberly  in  the  mannfact- 
nre  of  paving  brick,  for  which  they  are  well  adapted.  The 
same  series  of  rocks  extends  into  the  area  of  the  Hantsville 
sheet,  bnt  the  shales  have  never  been  nsed.  Wheeler  calla 
attention  to  an  ontcrop  of  rather  sandy  shales  belonging  to 
this  formation  in  the  blnff  of  Sweet  Spring  creek,  three  miles 
sonth  of  Hnntsville.    No  sample  was  collected  nor  tests  made. 

Under  Clays.  To  this  class  belong  the  beds  of  so-called 
fire-clay  underlying  the  coal  beds.  None  of  them  has  ever 
been  nsed  in  the  manufacture  of  clay  goods,  though  they 
could  be  used  in  the  manufacture  of  earthenware,  drain  tile 
and  probably  pavjng  brick.  Their  percentage  of  fluxes  is  too 
great  for  a  fire  clay.  There  are  three  beds  of  this  clay,  each 
about  two  feet  thick,  that  lie  above  the  drainage  level  over 
most  of  the  area.    They  are  associated  with  the  three  beds  oi 
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ooal.  The  lower  bed,  that  assooiated  with  the  Bevier  coal,  conld 
be  mined  very  cheaply  along  with  the  coal. 

Drift  Clays.  All  the  uplands  of  the  area  have  a  sorface 
layer  of  drift  clay  reaching  a  mazimam  thickaeas  in  some 
oases  of  fifty  feet.  It  is  presumably  waterlaid  drift,  since  it  is 
of  rather  uniform  texture  and  carries  very  little  coarse  material. 
Such  that  occur  with  it  is  thoroughly  water  worn.  The  clay  is 
stiff,  yellowish  to  bluish  in  color  and  very  tenacious.  It  is 
used  locally  for  the  manufacture  of  common  brick.  It  contains 
a  considerable  percentage  of  fluxing  impurities. 

Loess,*  Typical  loess  oocars  only  in  the  southwestern  part 
of  the  qaadrangle.  It  apparently  graduates  northward  into  the 
drift  days.  The  clay  used  at  Armstrong  for  brick  making  is  a 
very  slightly  modified  loess.  In  the  valleys  west  of  Armstrong 
it  becomes  typical  and  reaches  a  thickness  of  more  than  40  feet. 

Alluvium.  The  only  alluvial  deposit  that  is  of  value  in 
clay  manufacture  is  the  older  phase  of  river  and  creek  allu- 
vium or  gumbo.  It  occurs  in  all  the  larger  creek  valleys  un- 
derl;^iog  the  surface  of  the  greater  part  of  the  floodplains.  It 
is  a  dark  tenacious  clay  of  fine  grain  and  comparatively  even 
texture.    It  is  used  for  the  manufacture  of  railway  ballast. 

BOAD   MATBBIAL. 

The  deposits  of  the  district  which  can  be  used  for  road- 
making  are  the  beds  of  limestone  and  gumbo  clay. 

The  limestone  beds  just  above  the  Summit  coal  bed  could 
be  utilized  for  this  purpose  to  great  advantage.  The  beds  are 
thick  enough  to  furnish  a  considerable  amount  of  material  at 
small  expense  for  quarrying.  It  usually  occurs  in  thin,  irreg- 
ular beds,  making  the  expense  for  breaking  it  rather  light. 
It  is  a  fine  grained,  compact  limestone  and  would  wear  well  on 
ordinary  light  traffic  roads.  These  beds  outcrop  in  every 
ravine  across  the  southern  part  of  the  quadrangle,  south  of 
Sweet  Spring  creek  and  also  in  the  northeastern  corner  on 
Sugar  creek. 

The  use  of  burned  clay  ( gumbo )  as  a  road  material  is  yet 
in  rather  an  experimental  stage  yet  there  is  little  doubt  that  it 
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coald  be  nsed  on  county  roads  where  the  traffic  is  light. 
Should  its  use  for  this  purpose  ever  become  general  the  great 
bed  of  gumbo  in  the  floodplains  of  the  streams  of  Randolph 
county  would  be  an  important  source  of  this  material. 

SAND. 

Sand  for  building  purposes  is  now  obtained  from  the  drift 
deposits  of  the  region.  The  supply  is  not  inexhaustible  but  it 
is  sufficient  for  local  purposes.  In  the  northern  part  of  the 
sheet  especially,  the  supply  is  considerable.  It  generally  lies 
near  the  base  of  the  drift  deposits  and  in  the  eastern  and 
southeastern  parts  is  buried  beneath  the  drift  clays.  Local 
masons  report  that  it  is  a  good  building  sand. 

The  sandstones  of  the  region  carry  a  large  amount  of 
quartz  sand.  Its  use,  however,  would  require  crushing  and 
probably  washing. 

LIMB. 

Lime  is  not  manufactured  anywhere  in  the  region.  The 
limestones  above  the  Summit  coal  bed  would  burn  into  a  dark 
lime  that  could  be  used  for  inside  walls,  though  it  is  not  prob- 
able that  they  will  be  utilized  for  the  purpose.  The  Lower 
Oarboniferous  rocks  outcropping  within  a  short  distance  are 
much  better  for  the  purpose  and  the  supply  is  unlimited. 

INDUSTRIES. 

AGBIOULTUBB. 

The  soils  of  the  greater  part  of  the  area  are  fertile  and 
easily  tilled.  Agriculture  is  therefore  the  important  industry. 
It  is  carried  on  along  several  lines,  the  principal  of  which  are 
stock-raising,  stock-feeding  and  grain-growing.  These  branches 
are  somewhat  localized,  depending  upon  the  character  of  the 
soil  in  different  parts  of  the  area.  The  flat  uplands  constitut- 
ing parts  of  the  *' grand  divide"  which  are  in  the  area  are  the 
grass-growing  and  stock-raising  areas.  The  farms  are  large 
and  the  population  is  scant.  The  land  is  used  for  grazing  and 
grass  growing  purposes  and  very  little  grain  is  grown.    The 
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grain-growlDg  and  Btock-feeding  areas  lie  in  the  western  part 
of  the  district.  The  farms  are  smaller,  the  popnlation  denser 
and  schools  and  churches  more  nnmeroas.  In  the  soathwest- 
ern  corner  of  the  area  in  the  vicinity  of  Beanoake  and  Arm- 
strong where  the  soil  is  loess-like  are  located  many  comforta- 
ble homesteads.  The  staples  of  the  area  are  wheat,  com,  cat- 
tle and  hogs.  These  constitute  the  surplus  agricultural  pro- 
ducts. They  are  the  money  products  of  the  land.  Gardening 
and  fruit-growinji:,  as  an  occupation,  is  almost  unknown.  Every 
farmer  grows  his  own  vegetables  and  fruit  but  no  attempt  is 
made  to  go  further  along  those  lines. 

MINING. 

The  mining  industry  is  developed  in  two  small  areas  with- 
in the  sheet  already  referred  to.  Near  these  are  Huntsville 
and  Higbee.  Mining  as  an  occupation  is  not  pursued  at  any 
other  place  within  the  area.  There  are  a  great  number  of 
small  coal  mines  scattered  over  the  area  but  they  are  worked 
intermittently.  There  are  about  600  men  within  the  area  who 
depend  upon  mining  for  their  support. 

Taking  the  whole  of  the  three  counties  of  which  our  area 
is  a  part  the  value  of  the  products  from  the  mining  industries 
for  the  year  1891*  were  about  $300,000  while  from  the  same 
area  the  surplus  agricultural  products  amounted  to  $2,300,000 
in  value.  The  former  being  only  about  Hi  per  cent  of  the 
total  of  the  two,  but  from  Randolph  county,  the  only  one  of 
the  three  in  which  mining  is  carried  on  on  a  commercial  scale, 
the  value  of  the  products  of  the  mines  was  about  37  per  cent 
of  the  whole  surplus  products. 

These  figures  represent  shipments,  and  are  therefore  sur- 
plus. It  is  not  possible  to  state  whether  a  greater  proportion 
of  the  agricultural  products  than  of  the  mine  products  were 
consumed  at  home. 

OLAY. 

The  day  industry  of  Randolph  county  is  of  considerable 
importance,  but  that  of  the  area  of  the  Huntsville  sheet  is 

*Report  State  Labor  Commissioner  for  tbe  year  1891. 
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small.  The  greater  part  of  the  indastry  is  located  at  Moberly. 
The  indastry  of  the  Hantsville  sheet  consists  of  the  maDafac- 
tnre  of  bnilding  brick  at  Huntsville,  Higbee  and  Armstrong 
for  local  nse,  and  the  barning  of  gambo  at  Olifton  for  railway 
ballast.  The  brickyards  are  operated  by  only  a  few  men  and 
intermittently.  They  nse  the  local  sarfaoe  clay,  drift  clay  at 
Hnntsville  and  Higbee,  and  loess  at  Armstrong. 

The  barning  of  gambo  has  been  an  important  indastry  in 
the  coanty  dariog  the  last  year  or  two.  The  product  in  1892 
amonnted  to  150,000  cabic  yards  of  ballast,  having  a  total  valae 
of  $75,000. 

ROADS. . 

Local  communication  is  effected  over  the  roads  which 
over  most  of  the  area  follow  the  land  lines  withoat  reference 
to  the  relief,  that  not  being  of  a  safficiently  pronounced  char- 
acter to  divert  them.    In  parts  of  the  sheet  near  the  streams 

• 

as  may  be  seen  from  the  map,  a  few  of  the  roads  follow  the 
ridges.  In  the  early  history  of  the  area  the  roads  took  the 
shortest  roate  between  the  widely  separated  towns,  so  far  as 
this  could  be  done  conveniently,  and  no  attention  was  paid  to 
land  lines.  They  followed  the  ridges  in  general,  only  descend- 
ing to  the  valleys  to  cross  them,  climbing  at  once  to  the  ridge 
again.  One  of  these  old  roads  is  still  open  and  follows  very 
nearly  its  old  course  across  the  sheet.  This  is  the  Huntsville- 
Olasgow  road,  the  trunk  line  over  which  the  products  of  the 
region  passed  daring  the  days  of  steamboating  on  the  Missouri 
river.  Oiasgow  was  the  shipping  point  for  this  and  a  larger 
aiea  north  of  it.  The  road  runs  from  Huntsville,  southwest- 
ward,  through  Mt.  Airy,  Boanoake  and  Armstrong. 

The  roads  are  built  of  the  ordinary  drift  clays  of  the  re- 
gion. When  they  are  graded  so  that  good  drainage  is  effected 
they  are  fairly  good  during  the  greater  part  of  the  year.  It  is 
only  during  the  spring  rains  that  they  become  impassable  or 
nearly  so.  Where  they  are  not  graded,  however,  as  is  often 
the  case,  especially  on  the  less  frequently  traveled  lines  they 
become,  for  some  time  during  the  late  winter  and  spring  months, 
practically  impassable. 
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Boad  maklDg  material  other  than  the  clays  are  not  abund- 
ant in  the  area  and  little  attempt  has  been  made  to  improve 
them  or  at  least  to  bnild  solid  road  beds.  It  is  entirely  too 
expensive  to  be  done  under  psesent  conditions.  They  are  ased 
for  little  else  than  to  haal  the  snrplas  products  of  the  farms 
to  market.  Fortunately  daring  harvesting  time  they  are  in 
fairly  good  condition  and  when  they  are  muddy  during  the 
spring  months  the  farmer  is  engaged  at  home  and  has  little 
use  for  them. 

RAILROADS. 

Three  railway  lines  traverse  the  area;  the  Wabash,  the 
Chicago  and  Alton  and  the  Missouri,  Kansas  and  Texas. 

The  Wabash  railroad  traveraes  the  northern  part  of  the 
quadrangle  from  east  to  west  following  the  ridge  from  where 
it  enters  the  sheet  to  where  it  descends  to  cross  East  Fork. 
It  crosses  the  ridge  west  of  this  stream  but  descends  immedi- 
ately to  Muncas  creek  valley  which  it  follows  to  the  western 
line  of  the  sheet.  It  is  part  of  the  main  line  ot  this  system 
between  St.  Louis  and  eastern  points  and  Kansas  Oity. 

The  Chicago  and  Alton  railway  crosses  the  southern  part 
of  the  area  following  the  Higbee-Boanoake  ridge  to  Armstrong 
where  it  begins  to  descend  to  the  Missouri  river  which  it 
crosses  at  Glasgow  ten  miles  beyond.  It  is  part  of  the  main 
line  between  Chicago  and  St.  Louis  on  the  east  and  Kansas 
City  on  the  west. 

The  Missouri,  Kansas  and  Texas  railroad  crosses  the  south- 
western corner  of  the  area.  From  Moberly  to  Higbee  it  fol- 
lows the  ^'  Grand  divide."  At  the  latter  point  it  begins  its 
decent  to  the  Missouri  river,  which  it  crosses  at  Boonville.  It 
is  part  of  the  main  line  of  this  road  from  Hannibal,  Missouri, 
to  points  in  Kansas,  Indian  Territory  and  Texas.  It  has  a  line 
into  St.  Louis  also,  which  leaves  this  line  at  the  Missouri  river 
bridge. 
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TOWNS. 

The  towns  were  located  originally  for  the  convenience  of 
the  agricultaral  population  and  depended  npon  it  then,  as  most 
of  them  do  now,  for  their  snpport.  They  gtew  np  and  aronnd 
the  solitary  store  and  tavern  of  some  early  pioneer  who  set  up 
his  establishment  on  the  line  of  some  important  road.  The  lo- 
cation of  a  ooanty  seat  often  depended  upon  the  gift  to  the 
county  of  a  small  tract  of  land  by  some  farmer  upon  which  to 
build  a  court  house,  and  the  town  slowly  grew  up  around  it. 
Thus  it  is  stated  the  location  of  Huntsville  was  determined. 
They  were  all  nurtured,  whatever  may  have  influenced  their 
location,  until  quite  recent  years  entirely  by  the  agricultural 
industries.  Lately  the  development  of  mining  has  caused  an 
increase  in  the  size  of  some  of  these  towns,  and  this  industry 
has  contributed  to  their  snpport. 

ffuntsville  has  a  population  of  1,836,  according  to  the  cen- 
sus of  1890.  Its  people  are  engaged  in  mercantile,  mining  and 
agricultural  pursuits,  with  a  few  persons  engaged  in  manufac- 
turing.  It  has  one  steam  flouring  mill,  a  small  gas  manufac- 
turing plant  and  small  establishments  for  manufacturing  brick 
for  local  use. 

Several  years  ago  it  was  quite  an  important  tobacco  man- 
ufacturing center,  but  it  is  now  abandoned.  The  most  import- 
ant mines  in  this  part  of  the  county  are  located  near  it. 

Highee  with  a  population  of  about  1,500  is  supported 
principally  by  the  mines  in  its  vicinity.  About  250  miners,  in- 
cluding men  and  boys,  are  employed  when  the  mines  are  in  op- 
eration. The  rest  of  its  population  is  engaged  in  mercantile 
and  agricultnral  pursuits.  The  town  was  commenced  about 
the  time  of  the  building  of  the  Missouri,  Kansas  and  Texas  rail- 
road through  the  county.  Until  the  coal  mines  began  opera- 
tions it  was  very  little  more  than  a  railway  station. 

ArvMirong  has  a  population  of  about  500  souls.  It  has 
been  built  since  the  building  of  the  Chicago  and  Alton  rail- 
road about  fifteen  years  ago.    It  is  a  trading  point  for  a  rich 
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and  wen  developed  ai^riealtiml  region.  It  hma  a  small  slean 
floaring  mill,  bat  no  other  mannbctnring  eoneems.  It  has  the 
trade  of  the  wealthiest  agriealtaral  distriet  within  the  area. 

Romnomke^  before  the  bailding  of  the  Chieago  and  Alton 
railroad  held  the  place  which  Armstrong  now  occnpies  in  the 
traffic  of  the  area.  It  is  only  a  few  miles  from  Armstrong  and 
is  nearer  the  center  of  the  area  from  which  Armstrong  de* 
rives  its  prosperity  than  that  town  itself.  It  illustrates  very 
forcibly  the  sad  fate  of  a  small  town  which  is  so  nnfortnnate 
as  to  be  near  bat  not  on  the  line  of  a  railroad  bailt  since  the 
town  was  located.  Its  popalation  consists  of  a  few  Sinners  a 
proportionately  large  namber  of  negroes  and  half  a  dozen 
merchants. 

Cliftom  is  a  railroad  station  and  a  small  trading  point  for 
an  agncnltarai  district. 

Fsfot  is  a  railway  station  containing  a  general  store  and 
postoffice. 

Ml,  Airy  is  a  conatry  postoffice. 
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GEOLOGY  OF  BOONE  COUNTY.  MISSOURI. 

BY  G.  G.  BROADHBAD. 

The  floodplain,  or  valley  along  the  Missonri  river,  or  ^^liver 
bottom  "  as  commonly  called,  lies  about  600  feet  above  the  sea. 
The  adjacent  hills  are  aboat  160  feet  higher.  Bat  little  of  the 
surface  of  the  soathern  half  of  the  coanty  rises  over  760  feet 
above  the  sea.  Surveys  show  that  the  University  campas  is 
about  740  feet  above  the  sea,  and  at  but  few  places  near  Co- 
lumbia is  the  elevation  greater  than  760.  Northwardly,  the 
rise  is  gradual  to  the  watershed  of  the  Missouri  and  Missis- 
sippi. This  watershed  lies  about  the  northern  line  of  Boone 
county  and  is  about  880  feet  above  the  sea  at  Oentralia.  The 
surface  deposits  on  the  uplands  do  not  much  exceed  40  feet  in 
depth  and  include  the  soils,  local  drift,  loess  and  glacial  drift* 
The  glacial  drift  with  some  till  covers  all  of  the  northern  pan 
of  the  county  and  extends  several  miles  south  of  Oolumbia. 
The  loess  covers  the  Missouri  bluffs,  extending  oat  a  few  miles 
and  in  some  places  rests  upon  the  drift.  The  glacial  drift  in- 
cludes beds  of  clay,  sand,  pebbles  and  bowlders.  Among  the 
latter  are  found  granite  and  greenstone  bowlders,  evidently 
from  as  far  off  as  Lake  Superior,  also  red  quartzite  from  South 
Dakota.  These  deposits  also  include  concretionary  masses  of 
limestone  of  the  age  of  the  drift,  as  is  proven  by  their  occurrence 
along  a  definite  line  and  as  distributed  in  the  adjacent  clays. 
Some  pockets  of  sand  occur  as  well  as  decomposed  granite. 
Many  of  the  pebbles  and  bowlders  are  quite  regularly  rounded 
and  a  few  show  glaciated  striae.  The  clays  are  sometimes 
jointed  with  a  black  coating  between  the  joints.  In  the  foun- 
dation of  the  Museum  a  4-inch  band  of  this  joint  clay  was 
traced  for  over  100  feet  and  extended  into  the  adjacent  clay 
beds.    A  sand  bed  was  observed  20  feet  below  the  surface, 
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oocarring  also  in  wells  soath  of  the  cam  pas  and  in  the  hill  next 
north,  also  one  mile  north.  This  sand  bed  on  the  soath  is 
water  bearing,  bat  it  is  often  too  strongly  impregnated  with 
iron  to  be  pleasant  In  the  tannel  extending  soath  from  the 
chemical  building  there  was  observed  as  follows : 

1.  Made  ground. 

2.  1  foot  of  dark  sou. 

3.  8  feet  of  joint  clay,  upper  part  dark,  the  lower  brown;  near  the 

lower  part  Is  a  bed  of  jointed  black  stained  clay. 

4.  H  feet  of  dark  clay  and  limestone  nodules. 
6.    1  foot  of  coarse,  brown  sand. 

The  excavations  on  the  campas  of  the  University  generally 
show  as  mach  as  foar  feet  of  soil  and  sabsoil,  then  clay,  sand 
and  pebbles  with  occasional  bowlders. 

Along  the  Missoari  hills  and  attaining  a  thickness  of  prob- 
ably 25  feet  we  find  the  well  known  loess  clays,  consisting 
chiefly  of  a  brownish  palveralent  mass  of  clay  with  a  little 
sand  which  may  sometimes  be  qaite  marly.  Roand  limestone 
concretions  are  often  foand.  On  Bonne  Femme  creek  have 
been  foand  the  bones  of  the  Hlphas primigenius  or  Mammoth. 
This  has  rarely  been  foand  in  Missoari  bat  the  Mastodon  has 
been  foand  in  ten  coanties  either  in  springs  or  marshy  places 
or  else  washed  oat  from  above  and  deposited  along  the 
stream.  In  one  spring  in  Pettis  coanty,  Mr.  B.  A.  Blair 
obtained  parts  of  eight  skeletons.  Along  the  streams  there 
are  qaantities  of  sand  and  gravel.  The  sand  asefal  for  plas- 
tering, the  cherty  gravel  affording  an  excellent  material  for 
road  paving.  These  deposits  inclade  detritus  from  the  chert 
beds  of  theneighboring  Lower  Carboniferous  rocks,  the  sands 
largely  leached  oat  from  the  drift,  althoagh  part  of  it  may  be 
from  the  sandstone  of  the  Lower  Goal  Measures.  Exposed  sec- 
tions on  the  banks  of  the  Missoari  show  it  to  be  of  alternate 
layers  of  sand  and  humus  with  leaves,  sticks  and  an  occasional 
clay  bed.  The  sand  often  shows  cross-bedding.  These  dif- 
ferent layers  all  indicate  different  periods  of  overflow  alter- 
nating with  plant  growth.  The  Missouri  river  bottom  is 
generally  recent  alluviam. 

The  total  thickness  of  Paleozoic  rocks  seen  in  Boone 
county  is  about  as  follows : 
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Feet. 

Lower  Coal  Measures 176 

Sandstone  at  top  of  the  Lower  Carboniferous 35 

Loose  chert  probably  of  Keokuk  age 20 

Limestone  of  the  age  of  the  Osage  series  of  Prof.  H.  s.  Williams. . .    140 

Chouteau  limestone 55 

Calcarous  sandstone— base  of  Chouteau 1 

Devonian  limestone  on  Missouri  river 25 

Magnesian  limestone  with  some  beds  of  sandstone— Ozark  series. . .  168 

Most  of  the  streams  have  cat  into  and  some  of  them 
throaj^h  the  Lower  Oarboniferons.  For  ten  miles  oat  of  the 
Missoari  blaffs,  the  Barlington  beds  of  the  Oange  series*  are 
generally  the  highest  rock  and  often  descend  to  the  bed  of  the 
streams.  Farther  north  the  Goal  Measures  generally  form  the 
upper  series  althoagh  often  covered  by  the  drift. 

OzarTc  Series,  The  oldest  Terrane  found  in  the  conn- 
ty  occupies  the  base  of  the  Missouri  bluffs,  from  one 
mile  below  Providence  to  Oedar  creek  and  up  that  stream 
to  the  northern  part  of  Township  46.  It  consists  of  beds 
of  Magnesian  limestone  with  intercalated  chert,  with  some 
green  shale  and  a  few  thin  sandstone  layers.  Fossils  are 
of  rare  occurrence.  Oareful  search  may  reveal  them,  but  thus 
far  I  have  not  found  any,  but,  by  tracing  the  series,  outside  of 
the  county,  south  and  east,  we  are  enabled  to  assign  it  to  its 
proper  geological  position.  It  belongs  to  what  Prof.  Swallow 
defined  as  a  member  of  his  Magnesian  limestone  series,  and 
the  strata  along  the  Missouri  bluffs  resemble  those  of  the  2nd 
Magnesian  limestone,  with  doubtfully  the  first  sandstone  and 
First  Magnesian  represented  in  the  upper  beds.  It  is  the  Jef- 
ferson Oity  rock  from  the  river  below  to  the  hilltop,  175  feet. 
At  the  line  of  Boone  and  Oallaway  it  is  163  feet  thick.  From 
thence  it  gently  dips  to  the  west  and  is  below  the  horizon  at 
Providence.  In  Oole  county  I  have  obtained  a  few  fossils 
from  it  including  a  Lingular  two  species  of  MurohUonia^  a  Strap* 
arollus^  an  orthoceras^  and  a  Lituite,  In  the  New  York  System 
the  geological  position  of  this  formation,  would  be  the  calci- 
ferous  sandrock.  Some  geologists  wonid  place  it  at  the  base 
of  the  Lower  Silurian.     When  all  of  its  fauna  shall  have  been 

•  The  Osage  Series  includes  beds  of  Burlington  and  Keokuk  Age.    In  Boone 
coanty,  chiefljr  Burlington. 
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revealed,  it  may  prove  to  be  of  the  age  of  the  Upper  Oambrian, 
and  it  is  probable  that  in  Miasoari  all  of  oar  Paleozoio  beds 
below  the  Baooharoidal  sandstone,  are  of  the  age  of  the  Upper 
Oambrian.  The  following  section  was  made  at  the  line  of  Boone 
and  Callaway,  on  the  Missouri  blaffs : 

1.  41  feet  from  the  hilltop. 

2.  10  feet  of  Barllngton  limestone. 
8.  SO  feet  of  Chouteau  limestone. 
4.  16  feet  of  Devonian 

6.     5  feet.   No  rock  seen. 

6.  86  feet  Magneslan  limestone. 

7.  7  feet  Calcareous  sandstone. 

8.  46  feet  Magnesian  limestone. 

9.  2  feet  Brown  sandstone. 

10.  39  feet  Magnesian  limestone. 

11.  2  feet x)f  sandstone. 

12.  19  feet  of  Magnesian  limestone- 

13.  1  foot  of  sandstone. 

14.  13  feet  of  Magnesian  limestone. 

Total  height  of  hills  264  feet  occupied  by  223  feet  of 
Faeleozoio  rooks.  In  the  above  section  twelve  feet  of  sand- 
Atone  is  distributed  in  four  seams,  separated  by  the  limestone. 
Following  the  river  bluffs  for  twenty  miles  west,  the  Magnesian 
limestone  series  descends  from  163  feet  to  zero  or  about  eight 
feet  to  the  miles.  It  dips  more  rapidly  at  its  extreme  western 
outcrop,  or  about  20  feet  in  100.  Below  Providence  its  upper 
part  includes  alternations  of  oolitic  chert,  sandstone  and  Mag- 
nesian limestone.  These  last  named  beds  are  similar  to  those 
occupying  a  like  position  in  Warren  county  over  100  miles 
east. 

We  should  next  expect  other  Silurian  rocks  just  above,  but 
they  are  not  seen.  We  And  neither  Lower  nor  Upper  Silurian  ; 
in  fact,  we  would  have  to  go  thirty  miles  east  to  find  the 
Trenton. 

On  Oedar  creek,  in  the  southern  part  of  Sec.  16,  Tp.  46,  B. 
II,  at  the  Oiatterbuck  ford  the  First  Magnesian  limestone  oc- 
curs 16  feet  in  thickness  and  resting  directly  on  the  First 
(  Baccharoidal)  sandstone.  These  strata  may  be  found  for  three 
miles  farther  up  on  Oedar  creek. 

Devonian,  At  the  Oiatterbuck  ford  on  Oedar  creek  there 
is  exposed  55  feet  of  Devonian  limestone  resting  directly  upon 
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the  First  Magnesian  limestone  beds.    The  lower  portion  con- 
tains many  well-known  Devonian  corals  incladinii:  Aoervularia^ 
Davidsonif  Favosites  alpenensis^  Stromatopora^  etc.  A  specimen 
of  Megiatoorinus  latua  ( Hall )  was  also  foand.    At  Providence 
there  is  only  25  feet  thickness  of  Devonian.    In  the  npper 
part  we  And  F.  alpenenaU^  F.  nitellaf  Stromatopora  expanaa  and 
Loxonema  robusta.    Four  feet  lower  there  is  a  local   stratam 
aboanding  in  a  Pleurotomaria  not  before  foand  and   which  I 
have  described  in  the  American  Journal  of  Boienon  as  P.  Prov* 
idenoia.    Other  fossils  foand  were  8pirifer  eruteinea  and  a  cap 
coral.    The    apper  beds    are  often    minately  specked  with 
calcite.    The  gasteropod  fossils  show  a  calcite  and  pyrite  . 
shell   with  an  interior  filling  of   limestone.    At  Providence 
there  is  25  feet  of  Devonian  limestone.    On  Cedar  creek  55 
feet,  while  on  Snyder  creek  Gallaway  county  there  is   exposed 
over  40  feet  of  shaly  beds  with  Brachiopod  fossils  and  overly- 
ing the  limestone  beds  of  Boone.    The  Sabcarboniferous  or 
Lower  Oarboniferoas  as  found  in  Boone  county  includes  por- 
tions of  three  groups,  viz :  Ohouteau  55  feet,  Burlington  about 
160  and  probably  20  feet  of  Keokuk.    The  Ohouteau  occurs 
in  the  Missouri   bluffs,  from  the  east  county  line  nearly  to 
Huntsdale   and  on  a  few  streams  flowing  southwardly.    At 
Providence  its  lowest  member  consists  of  one  foot  of  whitish 
sandstone  with  green  partings  containing  the   well  marked 
Taonurus  Oauda-gallL    Above  this  is  50  feet  of  limestone  the 
upper  20  feet  consisting  of  thick  beds  of  drab  limestone  In- 
closing a  few  silicious  geodes  and  has  but  few  fossils.    Next 
below  this  is  3  feet  of  a  brittle  dove-colored  limestone  in  thin 
layers  and  abounding  in  fossils  including  three  or  four  species 
of  J^hynchonella^  and  Orthooeraa^  several  species  of  Productus^ 
Spirifer^  Fntolium  Shumardana  and  others.    Next  below  this 
is  25  feet  mostly  in  thin  layers.    Fossils  abound  in  the  shaly 
partings  of  the  limestones  including  several  species  of  Trilo- 
bites,  a  dozen  crinoidea  and  many  Bryozoans.    Other  fossils 
found  were  Orthooeraa,  Oomphoeeras,  Ooniates  Oorbyi^  several 
species  of  Spiri/er,  Orthia,  Strophomena^  Leptaena  depreaaa^ 
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Pentremitea  Roemeri^  Auloporo^  Platyostoma  Broadheadi^  Euo^ 
mphalus,  many  corals  and  several  species  of  Lamellibranehtata. 
Prof.  James  Hall  Id  his  investigations  in  Iowa  forty  years 
ago  assigned  this  groap  to  the  Devoniaa.  Prof.  Swallow  also^ 
aboat  the  same  time  considered  it  to  be  Devonian  and  of  the 
age  of  the  Ohemaog  of  New  York.  The  Taonuru8  Oauda-galli 
foand  here  also  occurs  in  the  New  York  Ohemang.  Prof.  Meek 
thirty  years  ago  regarded  it  as  of  the  age  of  Lower  Oarbonifer- 
OQS.  Most  of  onr  geologists  also  consider  it  to  be  at  the  base 
of  the  Lower  Oarboniferoas.  In  Illinois  and  Iowa  it  is  spoken 
of  as  the  Kinderhook.  In  Indiana  and  Kentucky  the  Knob- 
stone  gronp  is  considered  its  equivalent.  In  West  Virginia 
and  Pennsylvania  the  Vespertine  series  is  of  about  the  same 
age.  The  Marshall  group  of  Michigan  and  Waverly  of  Ohia 
are  also  of  same  age.  The  fossils  of  the  Ohouteau  in  Pettis 
county  and  at  Providence  seem  to  be  identical  with  the  Wa- 
verly of  Ohio.  Some  other  fossils  found  in  the  Missouri  Ohou- 
teau look  very  much  like  the  Devonian.  In  Boone  county 
very  few  of  the  fossils  seem  to  be  related  to  the  overlying 
Burlington,  and  the  aspect  of  the  Ohouteau  fauna  looks  very 
much  like  the  Devonian. 

THB  OSAGB  SBBIBS. 

This  includes  the  Burlington  and  Keokuk  beds.  In  Boone 
it  may  chiefly  be  referred  to  the  Burlington.  Prof.  Swallow  in 
his  first  survey  applied  the  term  ^^  Encrinital "  to  the  formation 
known  to  geologists  as  the  Burlington,  because  it  abounded 
in  so  many  crinoidal  remains,  but  as  rocks  of  other  ages  are 
crinoidal  it  was  thought  best  to  apply  the  name  to  the  gronp 
where  best  developed.  Hence  it  has  been  called  Burlington. 
Prof.  H.  S.  Williams  applied  the  name  Osage  Series  to  both 
Burlington  and  Keokuk  beds  as  they  are  often  difficult  to  sep- 
arate in  Missouri  bluffs.  At  Providence  it  surmounts  the 
Ohouteau  and  reaches  nearly  to  the  hill-top  with  a  thickness 
there  of  80  feet.  From  Huntsdale  to  Bocheport  it  includes 
the  entire  rock  bluff.    It  is  also  often  seen  between  Oolumbia. 
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and  Provideace.    Its  lower  beds'are  thick  and  often  of  a  bnff 
or  brown  color  with  many  white  crinoid  stems. 

A  section  on  Hinkson  bluffs  below  the  Jefferson  Oity  road 
shows  as  follows  : 

1 .  25  feet  of  gray  loosely  cohering  limestone . 

2.  80  feet  of  gray  limestone,  some  of  the  upper  beds  contain  small 

nodules  of  oxide  of  Iron  generally  about  X  of  an  Inch  in  diame- 
ter.   (These  nodules  are  altered  from  pyrlte.) 

3.  11  feet  of  shelly  gray  limestone  with  a  few  fossils  including  OrthU 

Burtingtonerul8f  Metoptoma  umbrella,  Spirifer, 

4.  A.boat  six  Inches  of  brown  crlnoldal  limestone. 

5.  2  feet  of  brownish  gray  limestone  with  many  fossils  Including  O. 

Burlingtonensis,   O,    dubia,  O.     Swallowi,  Prod,  Burlingtonentis  and 
Spirifar  plemu. 

6.  i  ^  feet  of  gray  limestone  withj  Metoptoma  Umbrella,  O.    Burlington- 

enHSf  0.    dubia. 

7.  5  feet  of  soft  shelly,  brownish  gray  limestone  with  Chonetes,  Orthit 

Burlingtoneniis,  O,    dubia.  Prod,  BurlingtonenHt. 

8.  1  foot  of  shelly  limestone  with  many  fossils.    Spiri/er,  Orthit,  Chon- 

eiea,  Productut. 

9.  4  feet  of  soft  shelly  gray  limestone. 

10.  6  feet  of  soft  brown  and  cherty  limestone . 

11.  6  feet  of  brown  Mmestone,  lower  part  shelly. 

12.  6  feet  of  gray  limestone  In  two  beds. 

13.  5  feet  of  buff  limestone. 

14.  2  feet  of  shelly  gray  limestone. 

15.  2  feet  of  fine-grained  buff  limestone. 

16.  5^  feet  of  shelly  crlnoldal  gray  limestone— to  low  water  In  creek. 

The  lower  beds  are  more  often  the  thicker  and  of  a  brown 
or  bnff  color,  thn  apper  are  thinner  and  generally  of  a  gray 
color,  or  bluish  gray  within  the  qnarry.  Most  of  the  beds  are 
made  up,  chiefly  of  numerous  crinoid  fragments  some  showing 
the  form  of  a  stem  or  plate,  the  others  merely  fragmentary. 
The  upper  beds  are  not  so  coherent  as  the  lower.  The  bed- 
ding planes  are  rough  and  irregular,  which  necessitate  some 
dressing  for  building  purposes. 

A  peculiar  and  frequently  observed  feature  is  the  '^  Stylo- 
lite  "  structure  which  has  been  called  suture-jointed  from  the 
fancied  resemblance  to  skull  sutures.  Others  have  called 
them  crystallites.  They  may  be  related  in  origin  to  cone- 
in-cone  or  to  ^^  slickensides "  but  nevertheless  they  preserve 
their  own  typical  character  throughout  and  in  no  instance 
can  they  be  mistaken  for  any  other  form.  Outwardly 
they  sometimes  resemble  fossil  wood.      Sometimes  a  thin 
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ooatiDg  of  smooth  dark  clay  rests  on  top  of  the  stylolite.  la  a 
few  instances  I  have  seen  where  a  stylolite  has  developed  from 
beneath  a  fossil,  the  fossil  forming  a  table  top  jast  as  ice  tables 
or  mud  tables  are  formed.  This  \«oald  go  to  prove  that  the 
stylolite  was  an  after  product  to  the  formation  of  the  lime- 
stone. As  the  limestone  would  harden  there  would  be  a  pres- 
sure, a  slipping  or  quivering  of  strata  and  the  stylolite  band 
would  be  inaugurated.  This  feature  apparently  does  not  in- 
jure the  building  qualities  of  the  rock.  Leaving  out  such 
objections  as  I  have  above  named,  the  Burlington  limestone  is 
one  of  our  best  building  stones.  The  old  University  columns, 
those  of  the  Boone  county  court  house  and  of  the  State  capitol 
at  Jefferson  City,  are  built  of  it  and  have  been  in  use  fifty  years. 
Time  has  proven  its  use,  fitness  and  durability.  The  founda- 
tions of  all  the  university  buildings  are  of  this  rock.  The 
foundation  of  the  custom  house  building,  St.  Louis,  is  mostly  of 
rock  of  this  age  quarried  at  Quincy,  Illinois.  It  also  furnishes 
a  preeminently  useful  stone  for  burning  into  lime  and  has  been 
so  used  at  Hannibal,  Columbia,  Bedalia,  Carthage,  Ashgrove 
and  Springfield.  The  incoherency  of  the  upper  beds  has  ren- 
dered them  easily  susceptible  to  erosive  agencies,  and  to  that 
fact  do  we  owe  the  frequency  of  underground  caves,  of  which 
there  are  probably  a  dozen  in  Boone  county.  Many  sinkholes 
also  occur,  which  are  formed  by  the  wearing  away  of  the  sub- 
terranean rock,  which  is  then  carried  off  by  the  streams,  leav- 
ing the  upper  strata  suspended.  From  being  thus  weakened 
they  in  time  sink,  and  we  have  the  funnel-shaped  sinkholes. 
In  after  time  these  sinks  become  partly  filled,  and  we  have 
ponds  which  are  often  met  with  in  the  western  part  of  the 
county,  and  also  southeast  of  Rockbridge.  We  find  at  Bock- 
bridge  a  cave,  a  large  sinkhole  and  a  rock  bridge  with  a  bold 
stream  of  water  flowing  through  and  under  the  bridge.  Com- 
mers'  cave,  ten  miles  north  of  Columbia,  has  been  long  and 
well  known.  It  has  a  wide  and  high  entrance,  becoming  nar- 
rowed within  a  quarter  of  a  mile.  It  is  reported  to  have  been 
explored  over  a  mile.    It  is  muddy  within,  although  a  clear 
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Stream  flows  oat.    Stalactites  are  foand,  bat  they  are  of  a 
dirty  appearance. 

Four  miles  below  Bocheport  there  is  another  cave  and 
there  are  several  others  in  the  Se.  also  in  the  Nw.  part  of  the 
coanty.  At  QaiUanSi  eight  miles  southeast  of  Oolambia,  and 
on  the  hilltop,  there  is  a  pond  100  feet  in  diameter.  Two  hun- 
dred yards  sonth  we  enter  a  cavern,  divided  into  several  rooms, 
where  frait  may  be  kept  fresh  all  the  time ;  descending  by  a 
series  of  steps  for  50  feet  vertically  we  reach  a  spring. 

The  bluffs  near  Oolambia  weather  into  carious  and  inter- 
esting columns  and  escarpments.  On  Silver  creek,  fifteen  miles 
north,  there  is  a  remarkable  weathered  promontory  called  the 
^*  Pinnacle."  The  stream  coming  from  the  north  suddenly 
turns  west  for  probably  600  yards,  then  carves  south  and  east 
for  about  the  same  distance,  where  it  is  separated  from  the 
northern  bend  by  not  over  a  hundred  feet,  it  thence  bears 
away  southwardly  and  then  to  the  west.  Inclosed  within  is  a 
peninsula,  which  is  solid  rock  in  its  eastern  one-half;  this  is  40 
to  80  feet  high,  weathered  into  a  sharp  serrated  ridge  with 
barely  sufficient  space  at  top  to  walk  upon.  This  sharp  edge 
at  two  places  is  pierced  by  wide  apertures,  one  of  them  10 
feet  in  diameter  with  20  feet  of  rock  above. 

Overlying  the  Burlington  there  is  generally  found  about 
20  feet  of  broken  chert  and  red  clay.  Tde  chert  v-tften  incloses 
well  preserved  silicious  fossils,  often  beautifully  crystalized 
and  showing  the  structure.  Some  of  these  are  apparently  of 
Keokuk  fauna. 

Keokuk  Group,  On  Silver  creek  I  observed  about  fifteen 
feet  of  ash  gray  limestone  of  Archimedes.  At  one  or  two 
places  we  find  15  to  20  feet  of  a  dirty,  white  sandstone  lying 
on  an  eroded  limestone.  This  is  undoubtedly  the  top  member 
of  the  Lower  Carboniferous. 

Upper  OarhoniferouB.  This  only  includes  the  lower  mem- 
bers of  the  Lower  Goal  Measures,  probably  not  amounting  to 
over  200  feet  in  the  county.  At  the  base  there  is  seen  from 
ten  to  twenty  feet  of  fireclay  of  good  refractory  quality.  The 
beds  above  consists  chiefly  of  shales  with  some  limestone,  a 
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little  sandstone  and  about  foar  seams  of  ooal.    The  following 
is  a  vertical  section  seen  near  Oolambia  : 

1.  7  feet  of  ash  blue  limestone. 

J.  6  inches  black  coal  smut  and  slate. 

B.  10  feet  of  clay  shales,  blue  and  red,  sandy. 

4.  4  feet  of  rough  nodular  limestone. 

5.  10  feet  of  shales  and  thin  sandstone  beds. 

6.  a  feet  of  Jointed  limestone  -  weathers  brown . 

7.  1  foot  2  Inches  black  and  gray  shales. 

8.  1  foot  8  Inches  coal,  good  quality. 

9.  4  feet  of  gray  fireclay. 

10.  2  feet  6  inches  dove-colored  limestone. 

11.  9  feet  of  dark,  smooth  clay  shales 

12.  4  feet  of  sandstone. 

15.  7  feet  f*  inches  of  gritty  sandy  shales. 
14.    9  feet  of  bituminous  shales. 

It,    3  feet  of  coal— 30  inches  to  3  feet.      Has  pyrlte  seams  . 

16.  SO  feet,  chiefly  shales. 
•    17.    Outcrop  of  limestone 

18.  38  feet  to  rotten  coal. 

19.  'i  feet  rotten.  Impure  coal. 

20.  16  feet  6  Inches  chleflf  limestone. 

21.  1  foot  of  coal. 
23.  Fireclay. 

Condensing  the  above  we  have  : 

1 .  35  feet  coal  measures . 

2.  1  foot  8  inches  coal. 

3.  36  feet  coal  measures. 

4.  3  feet  of  coal. 

5.  6S  feet  coal  measures. 

6.  2  feet  of  rotten  coal. 

7.  16  feet  6  inches  coal  measures 
H.  1  foot  of  clay.  10  *'eet  fireclay. 

Total  of  above  163  feet. 

The  fireclays  at  the  base  are  well  exposed  at  several  places 
east  of  Oolambia  and  may  be  as  mach  as  20  feet  thick. 
The  basal  measures  may  underlie  one-fourth  of  the  University 
campus  and  include  one  foot  of  coal.  Tumbled  masses  of 
Upper  Oarboniferous  limestone  were  found  beneath  the  old 
University  building.  Other  strata  underlie  the  observatory, 
consisting  of  the  limestone,  overlying  a  few  feet  of  shale,  with 
coal  beneath  and  clay  still  lower.  At  this  place  a  chalybeate 
spring  occurs,  the  water  receiving  moat  of  its  iron  from  the 
coal  and  its  related  shales.  This  coal  is  also  repeated  in  the 
road  forming  the  eastern  extension  of  Broadway,  at  35  feet 
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below  the  hilltop.    It  crops  ont  in  a  ravine  on  the  north,  at 
foot  of  hill  where  its  associated  strata  appear  thns : 

1.  8  feet  of  ash  blue  limestone  close  textured  and  contalnlnlng  Up- 

per Carboniferous  fossils  Including  FusuUna  eylindrica  And 
Orthamena. 

2.  1  foot  6  Inches  like  No.  1  but  layers  are  more  even  the  rocks  of  a 

mottled  blue  and  brown. 

3.  a  feet  of  bituminous  shales  In  thin  lamlnsB. 

4.  4  Inches  of  brown  fosslllferous  shale. 

5.  1  foot  of  coal,  corresponds  to  No.  ai  of  section  above. 

6.  Fireclay. 

On  Hinkson  creek  east  side,  a  half  mile  above  the  water 
works  the  last  named  section  is  repeated  and  continued  up- 
ward.   The  section  from  hilltop  down  is  as  follows: 

1.  ao  feet  slope  from  top  of  hill. 

2.  Outcrop  of  Jointed  limestone. 

3.  50  feet,  rock  are  chiefly  concealed,  outcrop  of  bituminous  shale 

near  lower  part. 

4.  30  Inches  of  coal. 

6 .  49  feet  rock s  concealed . 

6.  5  feet  of  blue  and  brown  shales. 

7.  1^  Inches  of  fibrous  aragonlte. 

8.  6  feet  of  blue  and  brown  shale  with  ochre  concretions. 

9.  3  Inches  of  satin  spar  or  aragonlte  with  coating  of  selenlte. 

10.  8  feet  of  blue  shales 

11 .  2  feet  of  rotten  coal . 

12.  2  feet  clay  with  selenlte  crystals. 

18.  4  feet  of  nodular  limestone  and  clay. 

14.  iVi  feet  of  calcareous  clay. 

15.  3  feet  of  roughly  bedded  limestone. 

16.  1  foot  of  calcareous  clay. 

17.  2  feet  of  limestone. 

18.  3  feet  of  bituminous  shales. 

19.  1  foot  of  coal. 

20.  Fireclay  In  the  creek. 

At  the  lower  end  of  the  hill  where  the  bottom  part  of  this 
section  was  obtained,  there  is  an  apparent  fault,  the  strata  to 
the  south  of  a  small  hollow  being  five  feet  below  the  corre- 
spondiDg  strata  on  the  north,  but  as  it  was  covered  with  talus 
from  above  its  exact  character  could  not  be  seen.  From  this 
point  for  three  hundred  feet  up  stream,  the  strata  rise  over  12 
feet,  while  300  feet  down  stream  the  Lower  Oarboniferous  rises 
twenty  feet  above  the  water,  and  a  quarter  of  a  mile  up  stream 
it  again  appears,  as  well  as  up  a  small  branch  on  the  west  side 
of  the  creek  with  Goal  Measures  appearing  at  a  higher  eleva- 
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tion,  all  showing  that  the  Goal  Measares  here  ocoapy  an  eroded 
basin  and  have  also  been  sabseqaentlj  tilted.  We  woald 
conclnde  that  the  Upper  Oarboniferons  underlies  the  upper 
part  of  the  hills,  from  near  MoA^lesters  southwardly  to  the 
University  campus,  but  probably  only  includes  the  lower  two 
coal  seams.  From  this  northwardly,  we  again  find  coal  onined 
at  Kurtz'  about  30  inches  thick,  and  still  further  north  for 
over  a  mile  are  other  drifts.  On  the  railroad,  four  miles  north 
of  Columbia  the  coal  is  found  three  feet  in  thickness  at  over 
one  hundred  feet  depth.  At  Keenes  two  miles  west  it  is  mined 
at  113  feet  depth  and  is  also  three  feet  thick.  Goal  underlies 
most  of  the  country  north  of  Golumbia.  A  mile  east  of  Gen- 
tralia  it  is  reached  at  70  feet  depth  and  capped  by  bituminous 
shales.  Goal  is  also  mined  near  Harrisburg,  and  is  three  to 
foar  feet  thick  near  the  northwest  part  of  the  county.  One 
mile  south  of  Hinton,  I  observed  : 

1.  2  feet  of  blalsh  and  roughly  bedded  drab  limestone. 

2.  6  inches  thinly  laminated  clay  shale. 

3.  4  feet  of  Irregularly  laminated  olive  clay  shales  with  concretions; 

contains  Productua  PraUtniamu. 

4.  1  of  deep  blue  shale,  thin  larainsB. 

6.    l>^  feet  of  argillaceous  limestone,  ash  colored  and  with  pot  metal 
ring. 

6.  2Vi  feet  of  Jointed  bituminous  shales. 

7.  1  foot  of  coal. 

Several  coal  pockets  have  been  observed,  one  of  them  200 
yards  above  the  water  works  on  east  side  of  creek,  and  occu- 
pying a  narrow  eroded  valley  in  Lower  Oarboniferons  strata, 
not  over  100  feet  wide,  and  extending  a  short  distance  into 
the  hill,  but  inclosiog  a  bank  of  coal,  thick  enough  to  delude 
the  coal  miner  into  drifting  into  it.  The  coal  mines  operated 
northeast  and  higher  in  the  hills  are  regular  beds  of  coal. 
Another  pocket  has  been  observed  three  miles  southeast.  At 
this  place  the  strata  on  the  small  branch  adjacent  and  100  feet 
lower  down  the  branch  is  of  the  age  of  the  Lower  Oarbonifer- 
ons as  it  is  also  a  few  hundred  feet  up  the  branch.  The  slopes 
of  the  hills  are  uniform  and  include  clays  aod  loose  chert. 
Digg'iQR  here  has  revealed  a  small  bank  of  coal. 
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Minerals.  Lead  and  zidc  solphide  have  been  dug  np  on 
Seo.  14,  T.  46,  B.  L3,  Missoari  blaffs.  The  ore  here  is  associ- 
ated with  caloite  and  occurs  in  the  lower  beds  of  the  Barling- 
ton  limestone.  Sphalerite  or  blende  occurs  at  several  other 
places  in  the  county.  Small  pieces  have  been  found  in  the 
limestone  within  a  mile  of  Columbia.  In  the  coal  mine  on  the 
railroad  north  of  Columbia  zinc  blende  occurs  in  the  coal  and 
incloses  iron  pyrites.  In  southwest  Missouri  this  ore  of  zinc 
is  seen  coated  with  pyrite  or  marcasite,  as  an  after  pro- 
duct. That  may  be  the  time  relations  in  these  specimens 
if  so  the  pyrite  is  a  replacement  of  sphalerite.  Another, 
specimen  from  the  same  mine  shows  fractured  coal  with 
plates  of  crystallized  baryte  inclosing  sphalerite.  Other 
pieces  of  coal  from  this  same  place  show  calcite  and 
pyrite  in  the  joints  of  the  coal,  also  flattened  tree  trunks 
pyritized.  The  Chouteau  rocks  at  Providence  often  in- 
close particles  of  pyrite.  The  Devonian  at  the  same  place 
shows  that  the  shell  has  been  replaced  by  calcite  with  a  thin 
coat  of  pyrite  both  within  and  without.  Fossils  in  the  chert 
layers,  of  the  upper  part  of  the  Lower  Carboniferous,  often 
have  their  interior  of  drusy  crystalized  quartz,  which  some- 
times preserved  the  shell  structure  very  beautifully.  Large 
chunks  of  silicified  wood  are  often  found,  showing  small  quartz 
crystals.  The  coal  shales,  in  the  lower  part  of  the  Upper  Car- 
boniterons,  inclose  two  beds  of  fibrous  aragonite  or  satin  spar. 
At  the  same  place  there  are  also  found  nice  crystals  of  selen- 
ite.  In  the  burning  heaps  of  clay  shales,  thrown  out  from  the 
coal  mines,  actcular  crystals  of  sulphur  are  often  found. 
These  shales  also,  although  quite  soft  and  subject  to  decom- 
position from  exposure  to  water,  when  burned,  become  as  hard 
as  the  hardest  brick,  and  of  a  brick-red  color,  and  very  close 
cryptocrystalline  structure.  They  also  thus  become  very  dur- 
able and  are  much  used  for  walks.  Some  specimens  show 
crystals  of  white  silky  hairlike  form,  which  Mr.  Lockwood  de- 
termined to  be  Alunogen. 

In  the  coal  shales,  flattened  ochre  concretions  often  occur. 
In  the  Upper  Limestone,  near  Columbia,  we  find  round  nod- 
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ulea  of  limonite  which  investigation  has  proven  to  be  psendo- 
morph  after  pjrite,  in  faot  the  suooessive  chanfi^es  from  pyrite 
to  limonite  have  been  observed.  Masses  of  red  hematite  are 
occasionally  foand,  some  weighing  over  fifty  poands.  A  piece 
as  large  was  found  three  miles  north  of  Oolnmbia.  Other 
masses  have  been  fonnd  near  Ashland,  and  in  the  sonthem 
part  of  Oallaway  coonty  deposits  of  this  ore  have  been  fonnd. 
Its  exact  geological  position  is  not  known,  bnt  it  is  supposed 
to  be  of  the  age  of  the  Lower  Oarboniferons. 
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THB   OZABKS. 

Long,  in  his  expedition  to  the  Rocky  Moantains,  published 
in  1823,  mentions  the  '^  Ozark  M onntains  "  as  a  hilly  region 
not  entirely  entitled  to  the  name  of  mountains.  Schoolcraft 
visited  southern  Missouri  and  Arkansas  in  1819,  18  iO  and 
1823,  and  wrote  a  volume  entitled  ''A  Visit  to  the  Semi-Alpine 
Region  of  the  Ozark  Mountains." 

In  no  previously  published  book  do  we  find  any  mention 
of  the  word  Ozaik,  nor  do  we  find  any  definition  of  the  term. 
The  names  of  most  of  our  rivers  were  given  to  them  by  the 
early  French.  Ozark  may  be  of  French  origin,  if  so  it  would 
have  been  spelled  dififerently  at  first  and  afterwards  anglicized 
or  spelled  in  a  corrupted  Eaglish  form.  It  may  have  been 
'^Aux  Arcs,"  meaning  '^  to  the  bow,"  or  at  the  bow,  or  towards 
or  in  the  bills  where  good  timber  for  bows  may  be  found. 

But,  although  the  geology  of  the  Ozarks  has  been  often 
discussed,  it  remained  for  myself  first  to  discuss  its  geological 
history  in  an  article  read  before  the  American  Association  for 
the  Advancement  of  Science  in  1888  and  published  in  the 
American  Geologist  for  January,  1889.  In  that  article  I  spoke 
of  the  entire  region  of  the  Ozarks  as  the  ^'Ozark  Plateau,"  and 
the  effort  of  forming  it  as  the  Ozark  uplift.  In  the  American 
Geologist  for  July,  1891,  and  'December,  1894, 1  used  the  term 
Ozark  series  to  include  Swallow's  entire  magnesian  limestone 
series,  extending  over  30,000  square  miles  of  area  in  Missouri. 
That  name  seems  to  be  eminently  appropriate  as  it  includes 
rocks  chiefly  found  and  better  developed  within  the  Ozark 
plateau,  and  now  all  geologists  who  write  on  Missouri  geology 
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nee  the  term  ^^Ozark,"  thas  recognizlDg  ita  emioent  fitness.  I 
was  thus  the  first  person  to  speak  of  the  Ozirk  plateau,  also  to 
give  name  to  the  Ozark  series  and  to  discass  the  Ozark  aplift. 
Since  then  other  geologists  have  entered  upon  the  discussion. 

According  to  the  census  of  1890  the  area  of  the  State  of 
of  Missouri  is  69,415  square  miles.  It  includes  the  Swamp 
region,  the  Ozark  Plateau,  and  the  Prairie  plains.  The  Swamp 
region  aggregates  about  3,000  square  miles  in  the  Southeast. 

The  Ozark  plateau  includes  about  30,000  square  miles  in 
Missouri.  It  is  bounded  on  the  north  by  the  Missouri,  on  the 
east  by  the  Mississippi  and  the  Southeast  Swamp  region  and 
on  the  west  by  the  southern  extension  of  the  Prairie  plains 
and  is  limited  by  a  line  passing  southwesterly  from  near  Glas- 
gow via  Marshall,  Sedalia,  Stockton  and  Peirce  Oity.  Its  exact 
boundary  cannot  be  defined  but  it  is  approximately  as  I  have 
stated.  On  the  south  it  extends  into  Arkansas  and  probably 
nearly  to  the  Arkansas  river.  On  the  east  the  Ozarks  are  700 
to  800  feet  above  tide,  on  the  north  800  to  1,000,  on  the  west 
850  to  1,100  and  1,500  feet  in  the  southwest. 

In  Missouri  the  Ozark  plateau  is  over  200  miles  wide  east 
and  west  and  over  J 50  north  and  south  and  consists  of  an  ele- 
vated table  land  cut  into  by  various  stream  channels,  those  on 
the  north  flowing  to  the  Missouri,  those  on  the  South  chiefly 
to  the  Arkansas,  those  on  the  east  to  ihe  Mississippi.  While 
many  of  the  tributaries  of  the  Missouri  head  one-balf  or  more 
of  the  distance  to  the  Arkansas  line  we  have  only  one  stream 
in  Missouri,  the  Merramec,  of  any  great  length  that  flows  into 
the  Mississippi.  All  the  others  in  eastern  Missouri  head  less 
than  20  miles  from  the  river. 

The  elevation  of  the  higher  land  within  the  Ozark  area 
varies  from  1,200  to  1,800  feet  above  the  sea,  the  highest  known 
being  in  Iron  and  Wright  counties. 

The  prairie  plains  of  the  north,  northwest  and  west,  are 
of  less  height,  being  about  800  feet  in  Montgomery,  850  in  the 
northern  part  of  Boone,  1,000  in  Schuyler  and  1,200  in  Noda- 
way county.  As  the  elevation  of  the  Ozark  plateau  has  been 
due  to  a  great  quaquaversal  movement  upward,  it  would  in 
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this  process,  altboagh  the  movemeat  may  have  been  slow  and 
coDtinaed  daring  a  loog  period  of  time,  tend  to  fractare  the 
strata  in  many  places.  Withia  this  area  bat  few  fractares  have 
been  observed  that  coald  be  clearly  traced  to  this  cause,  yet 
this  may  have  been  the  cause  that  has  produced  some  of  our 
stream  channels  to  be  subsequently  eroded.  Evidence  goes 
to  show  that  the  origin  of  many  earthquakes  is  not  far  below 
the  surface  and  records  show  that  miners  may  sometimes  be 
at  work  below  the  strata  afifected  by  an  earthquake.  The 
effect  of  the  Ozark  uplift  may  be  observed  at  several  places 
along  and  from  its  margin,  ^t  Hermann,  and  near  Portland 
and  Bluffton  are  slight  faults  and  local  inclines.  At  Hermann 
the  rocks  of  the  river  bluff  are  faulted  leaving  the  opened 
space  filled  with  tumbled  rock  from  the  adjacent  strata.  One 
mile  south  of  Fredericktown  the  road  crosses  tilted  beds  of 
limestone  for  several  hundred  feet.  A  similar  dip  of  strata 
has  been  observed  on  Marble  creek,  Iron  county,  and  the  mar- 
ble beds  which  lie  near  the  base  of  the  Ozark  series  in  Iron 
and  Madison,  generally  lie  at  an  angle  of  15°  to  20°  with  the 
horizon.  At  Grand  Ohain  on  the  Mississippi  the  Trenton  is 
elevated  and  forms  a  reef  extending  across  the  river  from 
which  place  the  axis  extends  eastwardly  to  the  Ohio  in  Pulaski 
county,  where  another  reef  has  been  observed  a  few  miles 
above  Caledonia.    (  See  Vol.  I,  Geology  of  Illinois.) 

Prof.  Worthen  in  6th  Vol.  Illinois  Geological  Survey, 
speaks  of  a  remarkable  disturbance  in  the  northern  part  of 
Monroe  county  where  the  Goal  Measures  are  seen  resting 
unconformably  on  the  upturned  beds  of  the  Lower  Oarbonifer- 
ous,  showiQg  that  there  was  a  disturbance  of  strata,  which 
took  place  subsequent  to  the  layiog  down  of  the  Chester  beds 
and  prior  to  the  era  of  the  coal.  Another  well  defined  axis 
crosses  the  Mississippi  at  Piattin  rock  and  upturns  the  First 
sandstone  exposing  about  50  feet  thickness  at  Crystal  Oity, 
Missouri.  The  strike  of  this  passes  along  a  monoclinal  east  of 
the  line  of  Franklin  and  St.  Louis  county,  Missouri,  thence  to 
Augusta,  St.  Obarles  county  and  northwardly  causing  the 
Trenton  limestone  to  appear  on  Dardenne  creek,  with  Lower 
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OarboniferoQB  east  and  ^est,  next  on  Peroqae  creek  near 
Forestell  where  the  Devonian  is  seen  for  a  short  distance. 
On  Oaivre  river,  Lincoln  coanty,  order  strata  appear  flanked 
by  other  more  recent.  A  continuation  of  the  Ozjirk  aplift 
may  be  included  in  a  certain  swelling  up  of  older  strata  near 
Auburn,  Lincoln  county,  Prairieville,  Pike  county,  and  north- 
westwardly near  Frankfort,  New  London  and  lastly  at  Newark, 
Knox  county,  where  the  Ohonteau  limestone  is  seen  surrounded 
by  Burlington  outcrops.  From  Bennett's  landing  on  the  Mis- 
sissippi to  Shawneetown  on  the  Ohio,  there  is  a  range  of  hills 
500  10  600  feet  above  the  river  at  Cairo,  to  which  the  name 
Shawnee  mountains  has  been  applied.  The  Cap  Au  Ores  axis 
may  be  an  offshoot  from  the  Ozarks.  At  Westpoint,  Illinois, 
it  brings  up  75  feet  of  Saocharoidal  sandstone  to  view  for 
probably  a  mile  along  the  Mississippi  with  the  First  Magnesian 
limestone  overlying  it.  Just  up  stream  across  a  small  branch, 
the  First  Magnesian  is  the  lowest  rock  seen,  thus  indicating  a 
fault.  West  of  this  and  in  the  bluffi  north  of  Winfleld,  the 
Second  Magnesian  limestone  is  seen  at  the  foot  of  the  blnffd 
and  on  the  south  side  of  Sandy  creek  the  Burlington  limestone 
is  tilted  up  80°  and  within  a  short  distance  south  the  SL  Louis 
limestone  Is  seen  occupying  a  horizontal  position.  Northwest 
of  this  the  Cap  Au  Ores  axis  can  be  traced  for  several  miles, 
by  a  succession  of  sinkholes. 

In  southern  Missouri  the  Mississippi  is  apparently  along 
or  near  the  axis  of  a  monoclinal.  The  Carboniferous  appears 
at  several  places  along  its  bluffs  in  southeast  Missouri,  but  as 
we  recede  westwardly  older  rocks  soon  appear  aod  at  a  higher 
elevation.  Across  the  Mississippi  in  Illinois  the  rooks  are  of 
more  recent  age  and  occupy  a  lower  geographic  position.  The 
Missouri  river  also  as  far  up  as  Howard  county  is  similarly  sit- 
uated, being  at  or  near  the  break  off  northwardly  of  the  mono- 
clinal. The  dip  of  strata  at  some  places  really  begins  several 
miles  south  of  the  Missouri.  The  monoclinal  axis  on  the  north 
of  the  Ozarks  also  seems  to  be  quite  irregular  in  strike.  Fur- 
thermore the  corresponding  strata  on  the  north  side  of  the  Mis- 
souri are  lower  than  those  on  the  south  side. 
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From  AagQsta  to  within  three  miles  of  St.  Charles  there 
i49  a  downthrow  of  800  feet.  The  Ozirk  series  and  snperin- 
cambent  rocks  lie  in  a  horizontal  position  at  and  west  of  Au- 
gusta. At  St.  Charles  the  St.  Louis  limestone  is  horizontal. 
Most  of  the  intermediate  formations  are  found  between  these 
places.  Within  one  mile  east  of  Augusta  two  hundred  feet  of 
strata  pass  below  and  out  of  sight.  From  St.  Charles  county 
to  Boone  the  series  are  nearly  horizontal.  At  the  line  of  Boone 
and  Callaway  160  feet  of  Second  Magnesian  limestone  is  seen. 
One  mile  below  Providence  these  beds  have  dipped  west  out 
of  sight.  A  few  miles  above  Providence  the  Chouteau 
limestone  disappears  and  as  far  as  Glasgow  only  the 
Lower  Carboniferous  beds  appear.  These  are  last  seen 
at  Miami.  Farther  west  and  northwest  in  Misouri  we 
only  find  strata  of  the  age  of  the  Upper  Carboniferous. 
Half  way  between  Glasgow  and  Boonville,  the  Chouteau  rises 
in  the  bluffs  by  a  gentle  swell,  and  across  the  river  in  Saline 
county  other  rocks  of  older  age  are  seen,  and  a  few  miles  east 
of  Marshall  the  Chouteau  again  appears  in  sight,  but  is  not 
again  seen  until  we  approach  Sedalia.  On  the  west  flank  of 
the  Ozarks  either  the  Chouteau  or  Burlington  rest  upon  the 
Ozark  series  and  in  going  west  we  soon  find  rocks  of  the  Up- 
per Carboniferous.  A  boring  at  the  Insane  Asylum,  St.  Louis, 
shows  that  the  Saccharoidal  sandstone  was  reached  at  a  depth 
of  1,452  feet.  Forty  miles  south  of  Crystal  City,  fifty  feet  of 
this  sandstone  appears  at  the  surface  and  forty  miles  west  of 
St.  Louis,  at  Augusta,  it  is  at  tne  surface.  At  Westpoint,  Illi- 
nois, fifty  miles  northwest  of  St.  Louis,  it  is  again  seen  at  the 
surface.  From  Crystal  City,  via  Pacific  to  Augusta,  it  is  al- 
most continuous,  occupying  part  of  the  rim  of  a  basin  or 
trough,  whose  inner  part  or  bottom  at  St.  Louis  is  1,450  feet 
below  the  surface.  From  Augusta  to  Westpoint,  after  passing 
over  one-third  the  distance,  the  rocks  are  Lower  Carbonifer- 
ous and  if  the  concealed  str&ta  are  as  thick  as  seen  on  the 
Missouri  west  of  St.  Charles,  our  sandstone  sinks  about  as 
much  as  five  hundred  and  sixty  feet  below  the  surface,  to  rise 
sg2L\n  to  the  surface  at  Westpoint,  Illinois.    From  this  it 


396  THB  OZA.be  uplift. 

would  Beem  that  there  is  a  broad  synclinal  or  trough,  extend- 
ing in  a  northwest  direction  from  St.  Louis,  through  the  mid- 
dle of  St.  Oharles  county,  and  indefinitely  northwestwardly* 
Eastwardly  the  equivalent  of  this  formation  is  not  seen  until 
we  reach  the  Appalachians. 

THICKNESS  OF  PALBOZOIO. 

In  southeast  Missouri,  the  Paleozoic  rocks  rest  upon  the 
Arch8B3kn  porpyries  and  granites,  the  porphyry  hills  often 
rising  several  hundred  feet  above  the  Paleozoic  beds.  The 
Archaean  rocks  are  well  exposed  in  the  counties  of  Iron, 
Wayne,  Madison,  St.  Francois  and  Reynolds  and  are  sometimes 
traversed  by  dykes  of  basic  rocks.  It  has  been  reported  that 
borings  in  Jackson  county  extended  to  2«500  feet  into  granite 
or  schist.  At  the  Insane  Asylum,  St.  Louis,  the  Paleozoic 
rocks  were  passed  through  between  3,500  and  3,800  feet» 
Measurements  in  northwest  Missouri  along  the  Missouri  river 
show  nearly  2,000  feet  of  Upper  Oarboniferous.  The  boring 
at  the  Insane  Asylum  included  not  much  over  100  feet  of  Goal 
Measures.  Add  these  borings  to  Upper  Oarboniferous  of  the 
northwest  and  we  have  5,500  feet.  The  Jackson  county  boring 
may  include  850  feet  of  Upper  Oarboniferous.  Subtract  this 
from  2,000  (total  Upper  Oarboniferous)  and  add  to  2,500  and  we 
have  4,600  feet  in  northwest  Missouri  through  which  to  reach 
the  ArchsBan  floor.  Averaging  this  with  the  first  figures  and 
we  have  4,575  feet  of  Paleozoic  rocks  in  Missouri.  This  I  con- 
sider to  be  about  the  proper  average  thickness. 

At  the  close  of  Archsean  time  Missouri  was  occupied  by  a 
deep  sea,  the  Oambrian  sea,  with  Archsean  islands  of  granite 
and  porphyry.  The  erosion  during  Archsean  time  must  have 
been  great  everywhere,  as  much  in  Missouri  as  elsewhere. 
The  broken  and  ground-up  material  was  needed  in  order  to 
build  up  the  succeeding  Oambrian,  and  those  early  Oambrian 
seas  may  have  been  several  thousand  feet  deep,  extending^ 
from  Texas  to  Lake  Superior  with  Archsean  islands  in  Burnett 
county,  Texas,  and  southeast  Missouri.  If  the  early  Oambrian 
was  ever  formed  in  Missouri,  it  must  have  been  eroded  to  give 
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place  to  the  later  formed  Upper  Oambrian.  It  was  either  this, 
or  else  there  was  dry  land  on  the  ArcbaBan  Ozarks  until  the 
time  of  the  Upper  Oambrian,  when  the  sea  subsided  sufficiently 
to  receive  it.  The  Archaean  floor  of  the  Ozarks  was  certainly 
very  irregular,  with  deep  valleys  and  tall  peaks,  the  higher  in 
Iron  counties  with  lesser  elevations  in  Madison,  Wayne,  Rey- 
nolds, Oarter  and  Shannon.  In  southeast  Missouri,  the  evi- 
dence snows  that  the  first  formed  rock  was  a  shore  deposit. 
This,  a  sandstone,  sometimes  containing  large  rounded  bowl- 
ders of  older  rocks,  at  other  times  fine  grained,  rests  upon 
Archaean  rocks  in  the  counties  of  Madison  and  Iron. 

THB  OZ4BK  I7PLIFT. 

The  chief  rocks  of  the  Ozark  plateau  include  a  series  of 
Magnesian  limestones  and  sandstones  amounting  to  one  thou- 
sand feet  in  thickness.  In  189 L  I  applied  to  these  rocks  the 
name  '^Ozark  Series."  The  lower  one-half  to  two-thirds  may 
be  Oambrian,  including  rocks  of  the  age  of  tbe  Potsdam  of 
New  York.  The  upper  portion  may  be  the  equivalent  of 
Dana's  Oanadian,  or  the  lower  part  of  the  Lower  Silurian.  The 
evidence  shows  that  the  life  of  the  Cambrian  sea  in  Missouri 
was  limited  to  but  a  few  species.  We  find  a  few  Orthooerata,  a 
Lituite,fk  small  Orthis,  a  Pleurotomaria^  a  MaolureOy  two  species 
of  Ophiletay  two  or  three  species  of  Straparollus^  probably  two 
species  of  Murchisonia,  an  Obolella,  three  or  four  species  of 
Trilobites,  while  in  the  Potsdam  of  Wisconsin  and  Minnesota 
several  other  Trilobites  may  be  found.  Where  the  waters 
were  shallow  sea  worms  lived  and  left  their  track  in  irregular 
windings  in  the  rocks.  In  the  later  seas  sea  weeds  abounded, 
as  shown  by  certain  beds  of  the  Second  Magnesian  limestone. 
That  the  Ozark  series  was  subject  to  erosions  and  slight  eleva- 
tions and  depressions,  is  shown  by  the  occasional  appearance 
of  a  few  feet  of  sandstone  at  intervals  of  a  few  feet  to  over  a 
hundred.  Near  the  close  of  the  Ozark  terrane  it  is  probable 
that  a  large  area  of  the  plateau  was  elevated  above  water. 
This  effort  was  doubtless  quaqnaversal  and  affected  the  entire 
plateau.    But  at  the  same  time  great  erosion  still  progressed. 
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the  material  beiDg  carried  away  by  the  carrents  to  form  other 
later-made  rocks.  The  sea  probably  still  extended  to  the  Wis- 
consin highlands  and  eastwardly.  In  this  sea  the  Silnrian  and 
Devonian  beds  were  laid  down,  but  thus  far  no  residaal  de- 
posits or  terranes  above  the  Ozark  series  and  below  the  Oar- 
boniferons  have  been  found  upon  the  Ozarks,  nor  have  they 
been  found  in  place  resting  upon  the  west  flank  of  the  Ozarks, 
nor  have  there  any  such  deposits  been  found  on  the  eastern 
flank  of  the  Ozarks,  after  passing  a  few  miles  west  of  the  Mis- 
sissippi. This  looks  very  much  as  if  the  Ozark  plateau  was 
dry  land  during  Silurian  and  Devonian  lime. 

THE  OABBONIFBBOrS. 

The  subcarboniferous  seas  in  Missouri  abounded  in  crinoid- 
€CBf  Mollusoa  and  the  rocks  indicate  only  moderately  deep  seas 
and  it  is  probable  that  at  least  the  western  one-half  of  the  Ozarks 
may  have  been  submerged  during  this  time,  for  beds  of  the 
Ohouteau  limestone  have  been  found  on  the  higher  Ozarks  at 
1,650  feet  above  the  sea  in  Wright  county,  and  1,000  in  Maries, 
and  Burlington  limestone  on  the  highlands  of  Morgan,  Benton 
and  Hickory.  In  western  Missouri  the  Ozarks  are  flanked 
everywhere  with  lower  Oarboniferous  limestone.  From  these 
facts  it  would  appear  that  the  Lower  Oarboniferous  seas  at 
one  time  may  have  rested  upon  a  large  area  of  the  Ozarks, 
forming  beds  of  rook,  which  later  have  been  nearly  all  swept 
away. 

The  accumulation  of  sediments  in  the  Oarboniferous  seas 
of  the  Mississippi  Valley,  seems  to  have  been  greatest  along 
the  Mississippi  trough  and  are  chiefly  limestone.  The  lower 
groups  are  represented  by  thick  beds  of  limestone  in  north 
central  and  southwest  Missouri.  The  upper  portions  are  only 
represented  by  residual  deposits  in  the  southwest.  At  the 
close  of  the  Lower  Oarboniferous,  there  was  a  marked  change 
in  fauna  and  flora,  as  well  as  continental  area.  The  deep  ocean 
floor,  east,  west  and  north  of  the  Ozarks,  which  had  been  so 
long  receiving  marine  deposits,  soon  began  to  rise,  forming  a 
gently  undulating  land  surface,  over  which  were  lakes  and  vast 
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fiwamps,  beginning  to  support  a  rare  and  lazariant  vegetable 
growth  ;  the  forerunner  of  the  coal  period.  The  leaves  and 
older  trees  fell,  and  aeoumulated  in  the  peaty  swamps,  and  were 
in  time  covered  by  sediments  from  rivers  or  inflowing  seas. 
Soils  were  thus  formed,  forests  grew  and  matured  and  lycopods 
and  ferns  left  their  debris  to  be  again  covered  up.  At  one 
time  the  surface  would  subside  so  much  that  the  inflowing 
seas  would  leave  a  thick  calcareous  deposit,  which  later  would 
harden  to  limestone.  In  this  way  by  elevation,  repose,  sabsi- 
dence,  and  re-elevation,  the  process  would  go  on,  and  the 
record  would  show  a  number  of  ancient  forests  and  ancient 
soils  and  coal  beds  of  different  thickness,  proportioned  to  the 
forest  growth.  The  process  continued  until  there  was  accu- 
mulated at  least  from  700  to  2,000  feet  of  Upper  Oarboniferous 
in  northeast  Missouri.  There  may  have  been  several  thousand 
feet  thickness  formed,  but  during  long  succeeding  ages  a  great 
part  was  eroded  and  borne  away.  Oertaln  patches  or  pockets 
of  coal  have  been  found  high  in  the  Ozarks,  at  1,000  feet  above 
the  sea.  This  would  indicate  that  the  Upper  Oarboniferous, 
or  its  lower  beds,  may  at  one  time  have  rested  upon  part  of  the 
Ozarks.  Such  evidence  has  been  reported  from  Crawford, 
Oole,  Osage,  and  probably  Howell.  As  far  as  I  know  no  lime- 
stone beds  have  been  found  at  these  places  to  indicate  Oar- 
boniferous age,  and  these  deposits  are  also  remarkably  free 
from  fossils.  With  these  exceptionSt  no  other  rocks  of  the 
age  of  the  Upper  Oarboniferous  have  been  found  in  southeast 
Missouri  excepting  in  St.  Louis  county,  and  at  a  few  places  in 
the  Mississippi  bluffs  in  the  lower  southeast.  Around  the 
margin  of  the  lower  coal  measures,  where  they  rest  upon  rocks 
of  older  age,  are  found  isolated  coal  deposits  consisting  for  the 
most  part  of  impure  bituminous  or  cannel  coal.  These  coals 
may  be  a  few  feet,  or  as  much  as  twenty  or  fifty  feet  or  more 
thick  and  are  often  tilted  from  a  horizontal  position.  In  some 
places  the  tilting  may  result  from  local  causes,  such  as  wash- 
ing out  and  settling  of  the  adjacent  older  strata.  These  coals 
generally  occupy  side  valleys  tributary  to  larger  valleys,  and 
the  adjacent  rocks  to  the  hilltop,  are  of  older  age  than  the 
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coal.  These  coal  basins  also  are  rarely  more  thaa  two  handred 
feet  in  horizontal  extent.  In  north  Missouri  the  coal  pockets 
rest  upon  the  Lower  Oarboniferons.  In  Oole  coanty,  and  west- 
wardly  and  sonthwestwardly,  they  repose  on  rocks  of  the 
Ozark  series,  and  in  no  instance  have  I  observed  them  occa- 
pying  eroded  valleys  of  the  Upper  Oarboniferons.  It  is  rare 
that  fossils  have  been  fonnd  associated  with  these  deposits,. 

4 

but  I  have  specimens  from  Lincoln  county  containing  impres- 
sions of  Sigillaria,  and  from  near  Boonville,  containing  Lepido- 
dendron.  Iron  pyrites  and  zinc  blende  are  often  found,  and  at 
the  Simpson  mine  in  Moniteau  county  thin  seams  of  galena 
occur  with  the  coal. 

Daring  the  Upper  Oarboniferons  time,  the  country  beyond 
central  Kansas  and  extending  to  the  Bocky  Mountains,  was 
most  probably  beneath  the  seas;  for,  although  there  are  rocks 
of  the  age  of  the  Upper  Oarboniferous,  both  in  Wyoming,  Ool- 
orado  and  New  Mexico,  there  is  found  no  coal  of  Oarbonifer- 
ous age  in  those  states,  but  the  formations  all  indicate  deep 
sea  origin.  Only  at  Lis  Vegas,  New  Mexico,  I  have  found  an 
impression  of  Lepidodendron  on  sandstone,  indicating  a  con* 
dition  of  land  surface.  At  the  close  of  the  Paleozoic  the  Ap- 
palachian revelation  took  place,  strata  were  crushed  up,  bitu- 
minous coal  was  changed  to  anthracite,  and  the  mountains 
from  New  York  to  Alabama  were  formed.  If  there  was  any 
movement  of  the  Ozarks  at  that  time  it  was  slight.  Oertain 
tiltings  of  the  Coal  Measures,  probably  local,  have  been  ob- 
served, bat  they  may  have  taken  place  long  after  that  time;  but 
the  last  great  effort  of  the  Ozarks  was  later  than  the  Ohester, 
and  probably  prior  to  the  coal  period. 

GENERAL   BBOSION. 

After  the  close  of  the  Paleozoic  erosion  continued,  and 
the  stream  channels  were  made  deeper.  At  the  present  time 
it  would  seem  that  our  streams  had  reached  their  base  level. 
In  north  Missouri  they  may  have  been  deeper  than  they  now 
show,  for  the  hills  may  have  been  worn  down  more  than  those 
in  south  Missouri. 
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The  Missoari  river  shows  a  valley  orfloodplaiQ,  one  to  two 
miles  wide,  with  an  inner  channel  or  trongh ;  the  floodplain 
eroded  before  glacial  time,  then  filled  ap  and  still  later,  the 
inner  channel  has  been  formed  to  receive  the  present  stream. 
The  river  bed  itself  varies  from  1,000  to  3,000  feet  in  width,  re- 
<}airing  at  low  water  not  over  twelve  handred  feet  in  the  lower 
reaches. 

The  rock  stractnre  of  sonth  Missoari  being  of  hard  lime- 
stone, with  occasional  beds  of  sandstone,  we  natnrally  find  a 
ragged  surface  and  scenery  varied  and  picturesque. 

In  north  Missoari  the  rocks  mostly  belong  to  the  Goal 
Measures  consisting  of  sandstone,  shales  and  clays,  with 
but  few  beds  of  limestone ;  as  a  consequence  the  erosion  has 
been  very  great  and  slopes  more  gentle.  Along  the  margin  of 
the  Upper  and  Lower  Goal  Measures  there  is  a  well  marked 
line  of  mounds  from  80  to  100  feet  high,  generally  capped  with 
hard  limestone  with  lower  soft  shale  beds  below.  This  lime- 
stone is  generally  the  rock  known  as  the  Bethany  Falls  lime- 
stone. These  mounds  are  sometimes  near,  while  they  may  be 
separated  by  an  interval  of  several  miles.  They  form  a  grace- 
ful mountain-like  line  in  the  western  part  of  Bates  county,  as 
seen  from  a  distance.  In  Pike  and  Lincoln  are  other  ridges 
and  mounds  parallel  and  between  streams  flowing  towards  the 
Mississippi.  The  summit  consists  of  Lower  Oarboniferous 
limestone,  with  other  older  soft  sandy  and  shale  beds  below, 
and  Lower  Bularian  at  the  base.  Here,  as  in  the  Goal  Measures, 
the  softer  material  has  crumbled  and  been  washed  out,  causing 
the  limestones  to  drop  down  and  leave  gaps  in  the  ridge. 
The  result  is  fine  distant  views.  There  is  no  doubt  but  that 
the  erosion  was  very  great  succeeding  the  building  up  of  each 
Terrane,  but  the  material  helped  to  form  the  next.  The  var- 
ious limestone  formations  have  been  successfully  subjected  to 
much  dissolution  and  washing  by  underground  channels, 
leaving  extensive  caves  in  many  places.  Especially,  is  this  so 
among  the  Ozarks.  The  lower  beds  of  the  Ozark  series 
include  many  large  caves,  for  example  those  in  Maries,  Pulaski, 
Barry,  Stone,  Taney,  Ghristian,  Ozark,  Oregon,  Howell,  Gam- 
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den,  Morgan  and  others.  It  is  Baid  that  there  are  sixteen 
caves  in  Stone  connty.  The  Upper  Trenton  limestone  is  also 
very  cavernous  as  in  Pike  and  Balls,  bat  the  caves  are  small. 
The  Lower  Oarboniferons  also  includes  many  caves,  with  some 
of  large  size,  but  none  so  large  as  those  in  the  Ozark  series. 
Such  caves  occur  in  the  Burlington  beds  of  Greene  and  Boone 
counties.  The  St.  Louis  limestone  is  very  cavernous,  but  the 
caves  are  small,  and  their  occurrence  beneath  generally  pro- 
duces funnel  shaped  sinks  just  above.  Many  of  these  occur 
in  St.  Oharles  and  were  formerly  often  seen  where  the  present 
city  of  St.  Louis  now  is,  but  most  of  them  have  long  since 
been  filled  up.  Fine  springs  are  seen  where  the  cavernous 
beds  prevail,  and  south  Missouri  abounds  in  many  large  clear 
springs  and  the  Ozark  streams  are  all  clear,  full  and  rapid. 
Roaring  river,  in  Barry  county,  originates  in  a  bold  cave  spriug, 
and  the  stream  is  a  river  at  its  origin.  Spring  river  in  south- 
west Missouri,  in  its  entire  course  is  swift,  full  and  clear,  with 
not  often  more  than  two  and  a  half  miles  from  the  river  to 
either  watershed.  It  is  mainly  supplied  by  springs  along  its 
banks.  One  spring  flows  out  with  a  stream  50  feet  wide.  A 
spring  on  Current  river,  Garter  county,  has  a  stream  nearly  as 
wide.  So  of  other  springs  in  Gamden,  Morgan,  Phelps,  Shan- 
non and  Wayne. 

A  few  of  the  streams  in  southeast  Missouri  originate  in 
bold  springs,  run  a  few  miles  in  a  natural  exposed  channel, 
then  pass  under  ground  for  a  half  mile  or  more,  and  again 
appear  to  flow  rapidly  onwards.  Such  a  stream  is  Wilson 
creek.  Green  county.  Grand  Gulf,  Oregon  county,  is  a  deep 
winding  canon  with  perpendicular  walls  100  feet  high  at  its  be- 
ginning. Lower  down  it  passes  under  ground,  appearing 
again  to  disappear  a  second  time,  and  then  onward  aa  a  stream. 
A  few  streams  are  also  spanned  by  natural  bridges. 

YSRTICAL  SBCTION  OF  MISSOURI  STRATA. 

Feet. 

Permo- Carboniferous l»*^ 

Upper  Coal  lleasares I^W"* 

Lower  Coal  Measures •><> 

Total  Upper  Carboniferous 2,iW 
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foot 
Chester  limestone  and  sandstone  (Genevieve  Group)  St.   Louis 

limestone 400 

Keokuk  limestone  (Osage  Group) 850 

Burlington  limestone  (Osage  Group)    

Chouteau  Limestone 

Vermicular  sandstone  and  shales  (Chouteau  Group) aoo 

Lithographic  or  Louisiana  limestone 

Devonian 100 

Upper  Silurian 100 

Hudson  River .' 120 

Trenton  limestone 200 

First  Magpneslan  limestone 100 

First  or  St.  Peters  (saccharoldal)  sandstone 180 

Second  Magneslan  limestone  200 

Second  sandstone 125 

Third  Magneslan  limestone SCO 

Lower  Magneslan  limestone  and  sandstone 800 

Total *,625 

In  soatheast  Miesonri  the  downward  extension  of  the 
Ozark  series  isaboat  thas  : 

Feet. 

Second  sandstone,  lower  beds  cherty 125 

Third  Magneslan  limestone  with  chert  and  quartz 225 

Gritstone  and  Lingula  beds 50 

Ozark  Marble ^ 25 

Lower  Sandstone  and  Conglomerate 90 

The  last  rests  apon  granite  or  porphyry.  The  Ozark 
marble  is  red,  flesh-colored,  baff  and  variegated.  It  is  fonnd 
in  Madison,  Iron  and  Reynolds,  and  is  generally  inclined  to 
the  horizon. 

The  Lower  Magnesian  limestones,  including  the  gritstone 
beds,  contain  the  lead,  nickel,  cobalt  and  copper  of  these  coun- 
ties. 

The  Second  sandstone,  in  south  Missouri,  contains  irregu- 
lar deposits  of  iron  ore.  The  Third  and  Second  Magnesian 
limestone  contain  both  lead,  zinc  and  barite. 

The  First  Magnesian  limestone  is  found  just  below  the 
Trenton.  At  West  Point,  111.,  it  is  exposed  seventy-five  feet 
in  thickness,  and  resting  on  the  First  sandstone.  On  Oedar 
creek,  Boone  county,  it  is  sixteen  feet  thick,  resting  on  the 
First  sandstone,  and  overlain  by  the  Devonian.  I  have  not 
observed  it  in  the  Missouri  bluffs  west  of  Oedar  creek.  A  few 
feet  occurs  on  Muddy  creek,  Pettis  county.  Farther  south  I 
have  not  recognized  it. 
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The  Trenton,  with  Black  river  beds  below,  are  occasion- 
ally seen  on  the  Mississippi  from  Gape  Oirardean  to  the  Mera- 
mec,  also  on  the  Missouri  bloffs,  from  St.  Charles  to  Oallaway, 
bat  no  farther  west,  bat  are  also  qaite  prominent  in  the  west- 
ern part  of  St.  Loais  coanty.  The  Hadson  river  shales  may 
be  foand  in  Lincoln  and  Pike,  with  other  beds  in  Ste.  Gene- 
vieve, Perry  and  Gape  Oirardean.  The  Upper  Silarian  occurs 
in  Gape  Girardeau,  Perry,  Ste.  Genevieve,  Lincoln  and  Pike, 
and  probably  in  Montgomery.  The  Devonian  occurs  in  Balls, 
Pike  and  Lincoln,  and  on  the  north  side  of  the  Missouri,  from 
St.  Oharles  county  to  Providence,  being  also  well  developed  in 
the  interior  part  of  Gallaway  county.  It  is  also  found  in  Perry 
and  Ste.  Genevieve.  Farther  west  a  few  exposures  occur  in 
Gooper,  but  no  farther  west  nor  southwest. 

The  Lower  Garboniferous  crops  out  beneath  the  Goal 
Measures,  on  the  south  and  east  of  the  Goal  Measures^  and 
occupies  a  belt  of  variable  width  from  the  southwest  to  the 
northeast,  being  more  narrow  a  little  west  of  central  Missouri. 

The  Ghouteau  limestone  lying  just  beneath  the  Osage 
series  is  well  developed  in  Pike,  Boone  and  Pettis,  where  by 
careful  search  many  fossils  may  be  found.  These  chiefly  occur 
in  the  shaly  beds  between  closely  oppressed  limestone  layers. 

ORBS   AND   MINERALS. 

Following  the  above  brief  description  of  the  formation,  a 
few  notes  on  the  mineral  wealth  of  the  state  would  be 
proper. 

Lead  and  zinc  ores  abound  in  southwest  Missouri,  where 
they  chiefly  occur  In  .decayed,  altered  or  cavernous  strata,  of 
the  Lower  Garboniferous,  associated  with  calcite  and  dolomite. 
Jasper  county  afifords  over  one-half  the  zinc  mined  in  the 
United  States.  In  other  counties  in  southern,  southeastern 
and  central  Missouri,  the  ores  occur  chiefly  in  the  Third  Mag- 
nesian  limestone,  and  sometimes  in  the  Second  limestone.  In 
central  and  southeast  Missouri  the  ores  occur  both  wit;h  calcite 
and  barite  and  often  in  the  southeast  with  quartz.  Zinc  is 
mined  in  the  southwest  and  the  southeast. 
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Zinc  has  been  profitably  mined  in  six  ooanties  with  more 
or  lees  mining  in  abont  a  dozen  connties,  and  favorably  re- 
ported from  23  ooanties.  Two  counties,  Jasper  and  St.  Fran 
cois,  contain  remarkable  deposits  of  galena  and  the  St.  Jo 
Mines  in  St.  Francois  county  are  as  rich  appearing  as  any  mine 
in  the  world.  The  lead  ores  of  Madison  and  St.  Francois  coun- 
ties occur  in  oar  oldest  sedimentary  rooks,  the  lower  beds  of 
the  Lower  Magnesian  limestone  of  the  Ozark  series,  and  these 
are  often  pure  dolomites.  Nickel,  cobalt  and  copper  occur 
associated  with  the  galena,  and  the  ores  occur  in  flat  sheets 
between  the  limestones  or  else  disseminated  through  the  lime- 
stone beds  as  replacement  deposits. 

Ooper  has  been  mined  with  some  profit  in  St.  Qenevieve 
county,  and  other  deposits  have  been  opened  in  Phelps,  Shan- 
non and  Crawford.  In  these  counties  it  occurs  in  rocks  of  the 
Ozark  series.  In  Dade  and  Greene  it  occurs  in  rocks  of  the 
age  of  the  Lower  Oarboniferous. 

Nickel  and  cobalt  have  been  mined  in  Madison  and  St. 
Francois  counties  where  the  ores  are  associated  with  lead  ores. 
Millerite  In  beautiful  hairlike  crystals  has  been  found  in  the 
quarries  of  St.  Louis,  associated  with  Fluorspar,  caloite  and 
dolomite.  Iron  ore  has  been  found  in  one-half  the  counties  of 
Missouri,  and  has  been  mined  in  six  counties.  It  occurs  as  a 
specular  oxide  in  porphyry,  and  a  similar  ore  in  sandstone  of 
southern  Missouri.  Limonite  occurs  in  pockets  in  sandstone 
of  south  Missouri. 

Profitable  deposits  of  red  paint  clays  occur  at  many  of  the 
iron  banks  of  south  Missouri.  Purple  and  red  clayp  are  often 
interstratified  with  Goal  Measure  shales.  Abundant  supplies 
of  fireclay  occur  throughout  the  Goal  Measures.  Mammillary 
forms  of  quartz  abound  in  Madison,  St.  Francois  and  Washing- 
ton. The  Ozark  series  and  Lower  Garboniferous  in  many  places 
exhibit  excellent  layers  of  building  stone.  The  granite  quarries 
of  Madison,  St.  Francois,  Iron  and  Wayne  furnish  excellent 
varieties.  Perhaps  no  state  has  sandstone  of  better  quality  nor 
in  such  abundance  as  we  have  in  Missouri  for  glass  making. 
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GOAL  MBASUBES. 

In  the  eastern  part  of  north  Missoari  the  strata  generally 
occupy  nearly  a  horizontal  position  with  a  surface  elevation  of 
not  mnch  over  900  feet  above  the  sea.  West  of  Ohariton  river 
there  is  a  gentle  dip  to  the  northwest,  the  surface  in  Noda- 
way connty  is  about  1,200  feet  above  the  sea,  and  allowing  for 
northwest  dip  and  conditions  of  superimposed  beds,  the  sur- 
face rocks  of  Linn  county  may  be  as  much  or  more  than  1,000 
feet  below  the  surface  basis  of  the  western  part  of  Nodaway 
county. 

In  western  Missouri,  as  far  as  heretofore  observed,  the 
Goal  Measures  rest  on  some  member  of  the  Osage  series.  The 
rocks  of  the  Goal  Measures  include  24  7-10  per  cent  of  lime- 
stone, 37  3-10  per  cent  of  sandy  beds  and  36  5-10  per  cent  of 
clay  shales  leaving  1  4-10  per  cent  of  coal. 

The  Goal  Measures  underlie  an  area  of  23,100  square  miles, 
including  about  12,0*00  square  miles  of  exposed  lower  meas- 
ures. Within  8,000  of  this  area  coal  may  be  mined  either  at 
the  surface,  or  at  easy  workable  depth,  including  an  aggregate 
of  22  feet  total  thickness  of  the  coal  beds.  The  southern  and 
eastern  boundary  of  the  Missouri  coal  fields  follow  an  irregu- 
lar line  from  Jasper  county  in  the  southwest  through  Jasper, 
Barton,  Dade,  Gedar,  Vernon,  St.  Glair,  Henry,  Benton,  Pettis, 
Saline,  Howard,  Boone,  Gallaway,  Audrain,  Mongomery,  Balls, 
Monroe,  Shelby,  Enox,  Adair,  Schuyler,  Scotland  and  Glark 
counties.  Other  small  coal  areas  occur  in  Lincoln,  St.  Gharles 
and  St.  Louis  counties.  The  Lower  Goal  Measures  represent 
a  thickness  of  670  feet  and  include  all  of  our  workable  coal 
beds  that  are  of  value.  The  thickest  coal  of  two  or  three  feet 
is  mined  in  the  counties  of  Barton,  Vernon,  Bates,  Henry, 
Johnson,  Ghariton,  Howard,  Randolph,  Macon,  Adair,  Putnam, 
Schuyler,  Boone,  Gallaway,  Audrain.  Other  beds  not  quite  so 
thick  are  mined  in  the  adjoining  counties.  Apparently  the  best 
coal  is  found  in  southwest  Missouri.  The  Upper  Goal  Measures 
lie  in  the  northwest,  and  rest  upon  the  L3wer  Measures,  which 
latter  dip  northwest  beneath  the  Upper.    The  Upper  Measures 
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inclade  about  1,300  feet  thickness  of  measares,  of  which  170 
feet,  foand  in  Atchison  coanty,  contain  fossils  similar  to  those 
foand  in  the  Lower  Permian  of  Kansas,  and  for  that  reason 
may  be  referred  to  the  Fermo-Oarboniferoas.  In  this  170  feet 
I  have  only  observed  two  inches  of  coal.  The  remainder  of 
the  Upper  Goal  Measures  includes  over  1,100  feet  thickness, 
but  with  this  thickness  and  an  area  of  nearly  1,100  square  miles, 
the  total  aggregate  is  only  four  feet  of  coal,  and  with  only 
one  workable  seam,  varying  from  six  to  sixteen  inches  in  thick- 
ness. Other  coals  are  represented  by  mere  streaks.  The 
eastern  limit  of  the  Upper  Goal  Measures  is  an  irregular  line, 
beginning  in  the  northwest  part  of  Bates  county,  thence  north- 
eastwardly to  northwest  part  of  Johnson  county,  thence  north, 
wardly,  including  the  hills  facing  the  valleys  of  Sniabar,  thence 

m 

via  Swanwick,  Bay  county,  to  the  eastern  part  of  Livingston 
and  western  part  of  Sollivan  counties.  In  the  northeast  part 
of  Sullivan  there  are  certain  beds  which  may  belong  to  the 
Upper  Goal  Measures,  as  well  as  other  beds  near  Milan.  The 
line  between  the  Lower  and  Upper  Goal  Measures  is  generally 
well  marked,  and  may  be  traced  out  by  line  of  mounds,  nearly 
following  the  direction  of  the  boundary,  and  also  recognized 
by  a  well-known  stratum  known  as  the  Bethany  Falls  lime- 
stone, forming  a  prominent  escarpment  from  the  southwest  to 
the  northeast.  At  its  farthest  southern  extension  it  caps  the 
hills  at  the  head  of  Mulberry  creek.  Bates  county,  is  well  ex- 
posed at  Parkerville,  caps  the  hills  west  of  Archie,  at  Freeman, 
and  at  Pleasant  Hill.  It  lies  near  railroad  at  Westline.  It  is 
favorably  exposed  near  Lone  Jack  and  Pink  Hill,  at  Green- 
wood, and  hills  near  Little  Blue.  It  lies  at  edge  of  water  at 
Kansas  Gity  and  Randolph.  It  is  the  highest  rock  on  head 
waters  of  Blackwater,  Johnson  county,  and  atGhapelHilI,and 
caps  the  ridge  north  of  Odessa,  and  crops  out  half  way  up  the 
hill  at  Missouri  Gity.  Farther  north  the  escarpment  may  be 
seen  on  Shoal  creek,  Galdwell  county,  in  railroad  cut  at  Moores- 
ville,  and  at  Springhill,  the  western  part  of  Sullivan  and  east- 
ern part  of  Harrison,  and  southeast  of  Princeton.  The  Bethany 
Falls  limestone  includes  a  little  more  than  20  feet  thickness  of 
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limestone,  the  upper  part  of  a  dove  color,  and  often  breakinfi: 
into  angular  fragments.  It  forms  a  waterfall  at  Bethany  in 
Harrison  county.  I  used  the  term  ''  Bethany  Falls  Limestone  " 
in  an  article  written  in  1860  and  published  several  years  after 
in  first  volume  of  Transactions  of  St.  Louis  Academy  of  Sci- 
ences. I  also  used  in  Geological  Report  published  in  1873, 
and  recently  other  geologists  have  recognized  its  appropriate- 
ness. The  middle  beds  are  often  oolitic,  and  this  character  has 
been  recognized  at  distant  places^  for  example,  at  Pleasast  Hill, 
Greenwood,  Eirtley's  quarry  near  Mooresville,  and  near  Prince- 
ton. Just  below  the  Bethany  Falls  limestone  there  is  about 
seven  feet  of  shales  and  thin  limestone  layers,  then  six  feet  of 
gray  and  ferruginous  limestone,  one  layer  of  which  is  also 
oolitic.  This  limestone  I  consider  the  base  of  the  Upper  Goal 
Measures.  It  is  well  exposed  near  Pleasant  Hill  and  Lone 
Jack,  also  near  Liberty,  Olay  county,  and  is  the  highest  rock 
on  bluffs  of  East  Fork  of  Grand  river  five  miles  north  of  Ohil- 
licothe.  It  is  also  well  exposed  in  the  eastern  part  of  Harrison 
county,  where  it  occurs  a  few  feet  above  a  thin  coal  bed. 

OIL  AND  aks. 

Bitumen  is  occasionally  found  in  western  Missouri,  from 
Caldwell  county  on  the  north  to  Newton  county,  a  distance  of 
about  175  miles  and  within  a  width  of  25  to  40  miles,  seemingly 
in  greater  abundance  from  Bates  county  southwardly,  and  ex- 
tending into  the  adjoining  portions  of  Kansas.  In  the  south - 
i^rn  extensions  of  this  district,  tar  springs  are  occasionally  ob- 
served. From  1864  to  1867  there  was  quite  an  oil  excitement 
in  western  Missouri  and  about  six  wells  from  700  to  800  feet 
in  depth  were  bored  for  oil  in  the  counties  of  Bay,  Jackson, 
Lafayette,  Bates,  and  wells  of  lesser  depth  in  other  counties. 
The  inoitive  for  boring  at  these  places  was  the  finding  of  rock, 
generally  sandstone,  from  which  drops  and  weak  flows  of 
bitumen  issued.  But  this  black  tarry  substance  was  in  most 
cases  only  found  in  the  rooks  near  the  surface.  None  was 
found  at  any  great  depth  below. 
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In  the  oonnties  of  Bates,  Vernon  and  Barton  most  of  the 
rocks,  as  well  as  the  coal,  contain  bitamen,  often  free,  easily 
detected  by  sight  and  smell,  and  is  often  seen  oozing  as  black 
drops  from  the  rock  and  is  sometimes  fdand  oocapying  cavi- 
ties of  fossils.  The  rocks  are  sometimes  only  slightly  dark- 
ened by  it,  while  at  the  same  time  they  seem  to  be  rendered 
more  tongh  by  its  presence.  In  some  of  the  mines  of  Jasper 
county  it  is  intimately  associated  with  the  ores.  Its  greatest 
geological  extent  in  Missoori  is  6,000  feet  vertically,  averaging 
probably  300  being  stored  chiefly  in  the  Lower  Coal  Measures, 
bat  sometimes  foand  in  the  Lower  Oarboniferons.  In  its  north* 
ern  extension,  as  far  as  known,  it  is  conllned  to  the  upper  sand- 
stones of  the  Lower  Goal  Measures. 

Gas,  sufficient  for  illuminating  purposes,  has  been  found 
in  several  wells  of  Kansas  Oity,  also  in  Oass,  Bates,  Yernon« 
and  in  some  of  the  adjoining  counties  as  well  as  in  the  adjoin- 
ing state  of  Kansas.  But  many  wells  have  been  bored  in 
western  Missouri  without  finding  either  oil  or  gas.  I  do  not 
think  that  the  oil  is  stored  up  in  sufficient  quantity  anywhere 
in^Missouri  to  pay  for  the  boring. 
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ERRATA. 


On  page  378,  about  the  middle  of  tbe  page,  omit  "s"  after  mile. 

Page  379,  about  the  middle  of  page,  *'The  sub-carboniferous,"  etc.,  should 
hegln  a  new  paragraph. 

Page  379,  omit  comma  after  "Acervularla,"  In  the  second  line;  also,  In  7th 
line  from  bottom,  omit  letter  **d,"  after  **an."  between  *'Rhynchonella"  and 
•  'Orthoceras.** 

Page  .380,  In  top  line,  for  **Aulop3ro,"  read  *<  Aulopora." 

Page  382, 5th  line  from  bottom,  for  '*Commer8,'*  read  "Oonners." 

Page  384,  In  the  condensed  section  near  the  middle  of  the  page,  in  Xo.  8,  for 
' '  1  foot  of  Clay ,  * '  should  read  •  •  i  foot  of  coal.  •  * 

In  Article  on  Ozark  Uplift,  etc. ,  on  page  398,  8th  line  from  bottom,  Chester 
•  should  begin  with  a  capital  **C.'* 

On  page  394,  In  last  line.  Insert  the  word  *' geologically**  after  **are.*' 

Page  393,  In  I3th  line  from  bottom  place  a  commaarter  South,  and  Insert 
"at"  In  place  of  "of,"  Just  before  Crystal  City. 

Page  398,  In 8th  line  from  top  for  "porpyrles"  read  "porphyries." 

Page  402,  In  first  line  of  the  lower  paragraph  for  "Southeast,"  read 
••South." 

Page  402.  near  bottom  of  page,  put  a  question  mark  after  Permo-Carbonl- 
ferous. 

Page  403,  near  the  top,  a  bracket  should  be  placed  Including  Keokuk  and 
Burlington,  also  another  bracket  to  include  Chouteau,  Vermicular  and  Litho- 
graphic, Just  before  the  figures. 

Page 405,  lnl3th line  for  "coper,"  read  "copper.** 

Page  406,  In  6th  line,  a  period  should  be  after  northwest  and  next  word  be- 
gin with  a  capital. 

Page  406,  near  end  of  1st  paragraph,  for  "basis**  read  "beds.** 

Page  407,  seventh  line  from  top,  for  1,100  square  miles  read  11,000  square 
miles. 

Page  408.  ninth  line  from  top,  "Pleasast**  should  be  "Pleasant.** 

Page  409,  In  ninth  line  from  top,  "6,000**  should  be  "600.** 


